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1.0 INTRODUCTION
This report describes a UTC study of SRM booster stages which was con-
ducted to furnish NASA with' the data necessary to make decisions regarding the
booster for the Space Shuttle Program. The study program was a limited-response
effort in consideration of study priorities, capabilities as a function of
schedule, and definitions of performance arid configuration requirements of the
various vehicle/booster concepts. The study program was conducted in accord-
ance with the requirements of NASA/MSFC RFP DCN 1-2-21-00156 and as defined
by Contract No. NAS8-28431 and subsequent NASA/MSFC direction.
The study was divided into manageable tasks corresponding to the study
program objectives in order .to define an SRM design; development, production,
and launch support programs; and creditable, understandable costs of chosen
booster baseline definitions. As design variables affecting the baseline SRM
were identified by phase B contractors'^ configuration impact upon nonrecurring
and recurring costs were assessed. Study effort was applied to a definition
of recovery and reuse of SRM components to provide comparative data. The mile-
stone schedule established for the conduct df the task elements of this study
is presented in figure 1-1.
1.1 STUDY OBJECTIVES AND APPROACH
Program objectives were to be met by satisfying the following study
objectives:
A. Define SRM designs' which satisfy the performance and configuration
requirements of the various vehicle/booster concepts.
B; Define the development., p'roductid'rij arid launch support programs which
are required to provide these stages £it rates of 60, 40, 20, and 10
launches per year in a man-ra'ted system.
C. Acquire from the vehicle contractors the interface data necessary to
define those design-controlling features of the SRM systems. Parti-
cular attention should be given to structural load paths and conditions,
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normal separation, abort (including thrust neutralization, if required),
flight dynamics, acoustics, and TVC.
D. Define areas of significant concern or uncertainty which must be satis-
factorily removed to allow use of the particular concept. Such defini-
tion should include proposed means to reduce the uncertainty.
E. Estimate costs, including assumptions for basis, for the defined SRM.
Such costs are to identify all hardware systems; design, development,
and test efforts; production efforts; launch support facilities;
transportation; ground support equipment; and handling equipment.
Separate sections are to address the recoverability process.
F. To fulfill the objectives stated above, consider the baseline booster
configurations of all the Phase B study contractors. Also, establish
a working relationship with" the Phase B contractors and provide data
to them as necessary to identify and resolve vehicle problems which
mutually influence vehicle and SRM designs and use.
1.2 STUDY GROUND RULES
The study was designed to provide the hardware and program definition
necessary to identify and substantiate the estimated cost of providing SRM
booster stages for the space shuttle system. Applicable ground rules and
definitions used for the study were:
1.2.1 Cost Estimating
A. All costs are to be stated in constant calendar year 1970 dollars
B. All costs are to include, as applicable, the following elements
(fee not included):
1. Direct labor
2. Indirect labor
3. Material
4. Subcontract
5. G&A and miscellaneous
1-3
C. SRM program cost estimates are to be prepared and reported in the
format presented in table 1 of appendix A. .
D. SRM program time-phased funding requirements are to be prepared and
reported in the format presented in .table 2 of appendix A.
E. Production and operations costs per launch rate are to be broken
down to level five of the WBS, recurring only, without amortization
of nonrecurring costs
F. Total program costs, using the launch rate models, are to be reported
in the format provided in the statement of work under the following
conditions:
T. Basic
a, SRM : ' • •
b. Stage
2. Basic plus TVC
a. SRM .
b. Stage
3. Basic plus thrust termination
a. SRM
b. Stage -
G. Actual costs of previous or current SRM development and/or production
programs are to be utilized to the fullest extent.
1.2.2. General Ground Rules
Mission models used for the study as a basis for cost estimates are listed
in table 1-1.
SRM program cost proposals will be divided into three major categories,
as follows:
A. Design, Development, Test, and Evaluation
Design, development, test, and evaluation will consist of all costs
incurred for the design, fabrication, ground test, and flight test of
1-4
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orbiters 1 and 2 and boosters 1 and 2. Design, development, test, and
evaluation will include the total cost of the dynamic tests and the verti-
cal flight designated as test or development flight. These costs include
all tooling, and special test equipment, ground support equipment, spares,
and other efforts required leading up to and supporting the test flight.
Design, development, test, and evaluation will also include the cost of
the first five manned orbital flights including support for receiving,
assembly, checkout, spares, operations support, etc.
B. Production
Production is defined as the cost associated with producing additional
flight boosters and modification and/or updating of the flight test hard-
ware required for operation through acceptance of the hardware by the
Government. These costs include (1) the fabrication, modification, up-
dating, assembly, and checkout of flight hardware, (2) ground test and
factory checkout of flight hardware, (3) initial operational spares
required for manufacturing, and (4) maintenance of tooling and special
test equipment.
C. Operations
Operations is defined as the cost associated with the following activities:
1. Flight support: replacement spares to support operational airborne
hardware, sustaining engineering to support the production of
spares and hardware modifications, and maintenance of GSE and
spares for GSE.
2. Launch operations: the costs for receiving the flight hardware,
assembly of the vehicle, checkout, prelaunch test and checkout,
servicing, launching, and refurbishing of the launch site facilities.
3. Mission operations: cost of supporting mission control,.mission
planning, flight crew training, and simulation aids required for
crew training (not to include the cost of these identified elsewhere),
The baseline schedule of SRM booster stage need dates is presented in
table l-II.
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TABLE l-II
PARALLEL BURN SRM NEED DATES BASED ON BOOSTER
ATP OF 7/1/72
Motor Needs Baseline
First set of dummy motors 3-1-76
Second set of dummy motors 7-1-76
Unmanned vertical flight 3-1-77
First manned orbiter flight - 9-1-77
Second manned orbiter flight 11-1-77
. Third manned orbiter flight 1-1-78
Fourth manned orbiter flight 3-1-78
Fifth manned orbiter flight 5-1-78
Sixth manned orbiter flight 7-1-78
Scheduled first manned orbiter flight 3-1-78
Note:
1. Flight motors required on dock 6 months prior to launch.
2. Dummy motors and dynamic test vehicle required 3 months prior to
first test.
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2.0 SOLID ROCKET MOTOR SYSTEM DEFINITION
.2.1 VEHICLE REQUIREMENT
System requirements for SRM space shuttle boosters have been defined by
the various Phase B orbiter contractor teams. UTC began its current SRM study
by requesting basic vehicle data from these contractor teams. Booster sizes
then were selected to carry out the point design and booster cost analysis.
Technical integration activities were continued with the Phase B contractors
to obtain more detailed SRM booster requirements, supply technical data to the
contractors, complete the SRM booster-orbiter interface definition, and main-
tain liaison with the contractors.
Study requirements stipulated that UTC would study solid rocket booster
concepts based on the vehicle configurations and requirements determined by
the Phase B contractors and would support these contractors with solid rocket
booster design and cost information. To acquire these booster concepts and
the necessary information to design the SKMs and associated booster/stage hard-
ware, UTC established management and technical liaison with the following
Phase B contractors:
A. Grumman Aerospace Corp.
B. Martin-Marietta Corp.
C. Boeing Co.
D. McDonnell Douglas Corp.
E. General Dynamics/Convair Corp.
F. North American Rockwell
G. LMSC
The original UTC booster requirements request was based on the items of
table 2-1; contractor response to this request was varied. Sufficient data
were obtained to establish the basic sizing of the SRM boosters for the par-
allel and series burn mode. Most data received were based on the 15- by 60-ft
payload bay orbiter. Accordingly, the UTC study was oriented to definition of
cost and design data for this vehicle. Data were obtained from a single con-
tractor to define booster sizing requirements for the 14- by 45-ft payload bay
2-1
TABLE 2-1
SRM BOOSTER DATA REQUIREMENTS
Booster Configuration (Series or Parallel)
Number and diameter of SRMs
Booster liftoff weight
Booster propellant weight
Booster thrust
Booster duration
TVC requirement ~" deflection capability, slew rate
Thrust termination requirement
Staging conditions
SRM Design Data
Maximum expected operating pressure
Nozzle throat size
Nozzle expansion ratio
Nozzle cant angle
Thrust-time characteristics
Maximum length constraint
Structural Data
Orbiter-drop tank liftoff weight
Orbiter thrust (sea level and vacuum)
Preferred cluster arrangement and orbiter orientation
Orbiter tank diameter
Length between attach points (parallel burn)
Preferred thrust load application (forward or aft)
Series burn interface data
Interface diameter
-Tank dome intrusion below interface plane
Development Requirements
Number of static tests
Inert motors to be delivered
Inert stages to be delivered
Operational Requirements
Number of development flights
Operational flight mission model
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orbiter. A brief discussion will be made on application of the baseline con-
figurations to this size vehicle.
 ;
The- SRM' booster stage studies were directed: toward defining the. basic.
series:, burn and parallel burn boosters for both the 120- and: 156-in. -diameter
SRMs. Cost data- and design definition of the SRM boosters; wer.e. directed, toward
total stager costs, although the basic. SRM data. were, pursued as. necessary to
fulfill NASA' cost requirements and. to highlight, apparent cost discrepancies
between UTC large, motor experience and cost projections: by orbiter/booster
contractor teams. The cost and program definition, tasks: were extended to
reflect: the- requirements of the four NASA mission models. A listing of the
study variables is made in figure 2-1.
basic vehicle characteristics were: amplified by the Phase B contractor
teams: to, present a- broad array of. SRM- stage, requirements. UTC elected, to define
its own, typical baseline boosters to reflect these contractor requirements.
The UTC, baseline design uses the: TECHROLE® seal movable nozzle, on the
basis, of a 10% cost reduction compared to use of a liquid injection system: and
a reduction in actuation torque requirements and movement of the, nozzle seal
pivot; point compared to the flex-seal. On the basis of prior acceptance and
qualification,, thrust termination devices have been: included: for use in. abort
systems on manned, flight programs. Forward thrust loading: has: been, selected
because of orbiter contractor preference and a relatively small, weight and
cost penalty within the SRM stage.
2. .2 BASELINE VEHICLE DESCRIPTIONS
2.. 2.1 15-. by 60-ft Payload Bay Orbiter
Basic sizing and configuration of the UTC selected baseline SRM shuttle
boosters are presented in figure 2-2. One configuration of the series and
parallel burn boosters has been identified for the 120- and- 156-ih. -diameter
SRMs.. Characteristics of the various boosters are listed in. table 2-II.
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The series configuration of three 156-in.-diameter SKMs (S3-156) is
portrayed in more detail in figure 2-3. Three 156-in.-diameter SRMs of
1.08 million pounds of propellant are grouped triangularly in a tank-end load
configuration. Three identical SRM assemblies plus an interstage assembly, or
HO tank adapter, make up the booster. Vehicle prelaunch support is provided
by four ground support fittings at the base of each SRM.
The series configuration of six 120-in.-diameter SRMs (S6-120) is illus-
trated in figure 2-4. The six UA 1207 motors of 592,000 Ib of propellant are
arranged in a rectangular 2- by 3-ft tank-end load configuration. The booster
consists of six identical SRM assemblies plus an interstage assembly, as in the
156-in.-diameter case. Thrust termination is provided at the forward end of
each SRM with two ports arranged 90° apart on each motor. The physical arrange-
ment of the SRMs and thrust termination ports has been selected to provide the
maximum miss distance of thrust termination debris to the orbiter.
The parallel configuration of two 156-in.-diameter SRMs (P2-156) is por-
trayed in figure 2-5. Each of the two SRMs contains 1,250,000 Ib of propellant.
Two identical SRM assemblies are strapped onto opposing sides of the orbiter
HO tank. Precise location of the SRMs is not critical to SRM design, and the
preferred location may be selected on the basis of vehicle dynamics. SRM thrust
transmission to the HO tank and orbiter-HO tank ground support is provided by
a structural skirt at the forward end of the SRM. Total vehicle ground support
is provided by structural skirts at the aft end of the SRMs. Two thrust termina-
tion ports at the forward end of each SRM are located to provide a maximum miss
distance to the HO tank and orbiter, while providing a laterally balanced thrust
to allow abort orbit SRM ejection.
The 120-in.-diameter SRM parallel burn booster is portrayed in figure 2-6.
The configuration of the four identical UA 1207 SRMs is similar to that of the
156-in.-diameter motors. Use of the four SRMs establishes a broader ground
support base to react prelaunch wind and engine start transient overturning
loads.
2-7
tO
13
o
vO
>v
.0
J2
4J
•^
S
•1-1
.£!i-l
o
CO
•I-l
3
00
•i-l
M-l
n
o
V
!-l
O
I
CO
CO
I
CM
01
i-l
60
•rl'
Pn
2-8
T COLLECTOR
W&TWORK COM
COLLECTOR
THRUST TERMIK1ATIOK1
RE-ACT1OI-J STRUT
•3E-CTION A-A
r TWRO'S.T TER^^iIKJATiCNJPORT COVER ~THA.jecTORV
•SUPPORT
I'l R&QUIR6D
A.TIOM
1MTERF4.CB
APT COKJKJECTINJCi I
STRUT
"7- REOLJIRSO •
I,2A4,OOOLB
4, IOO.OOOLB
OLQW
Bl-O'AJ
Wp- S91. OOO LB
THRU'ST^.. » I. IAO.OOOLB
Mgure 2-4. S6-120 Vehicle Configuration
?(0rbiter with 15- by 60-ft Payload Bay)
2-9/2-10
(0(0(0
000
838 0°
'?V5 •O
g
Pk
I
O
.n
4-1
•i-l
,£>
M
O
C
O
•r-l
J-J
tO
t-l
•r-l
M-l
O
O
<U
r-l
O
•Hjn01
i-H
I
S4PH
m
I
CM
0)
t-j
3
bO
2-11
000 si"«9
II
to
m
•a
§
a)PM
i
o
vO
J2
4-1
T-l
0)
c
o
•1-1
4J
ai
M
00
•H
4-1
C
O
0)I-l
O
O
CM
CM
0)l-l
3,
2-12
2.2,2 14- by 45-ft Payload Bay Orbiter
Vehicle sizing data were obtained to allow basic definition of candidate
boosters for the 14- by 45-ft payload bay orbiter. Table 2-III provides the
basic vehicle data and indicates how the 15- by 60-ft payload booster configu-
rations can be used to define a 14- by 45-ft payload booster. Design definition
and cost data were not specifically prepared for these configurations. However,
the basic 15- by 60-ft payload booster data can be applied to these boosters.
The S2-156 series burn booster with two 156-in.-diameter SRMs is identical
for design and cost purposes to the P2-156 15- by 60-ft payload booster. The
SRMs are attached to the HO tank in a parallel fashion, but the engines are
designed to operate in a series burn mode. The precise throat size and propel-
lant burning rate will be varied from the P2-156 to meet the S2-156 thrust
requirements.
The S4-120 series burn configuration utilizes four identical UA 1208 SRMs
with an intertank structure similar to that of the S6-120 booster. This UA 1208
is similar to the S6-120 UA 1207 but differs because of an additional segment,
a shorter forward closure, and a reduced throat size and propellant burning
rate to produce the.required S4-120 thrust.
The P2-156 14- by 45-ft payload booster is identical in concept to the
P2-156 15- by 60-ft payload booster. The attach structure provisions are
identical while the SRM utilized is the S3-156 model. Nozzle throat size and
propellant burning are adjusted to provide the proper thrust characteristics.
The P3-120 SRM design is identical to that of the P4-120 with the.excep-
tion of adjustments to. the nozzle throat size and propellant burning to provide
proper thrust tailoring.
2.3 BASELINE MOTOR ASSEMBLIES
2.3.1 S4-156 Motor Assembly . .
The S4-156 motor assembly is illustrated in figure 2-7. The basic SRM is
of segmented design utilizing three 22-ft segments and two end closures. The
design follows directly from the successful UA 1205 and UA 1207 120-in.-diameter
SRM designs.
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TABLE 2-III
STAGE CHARACTERISTICS
GLOW, lb
BLOW, lb
GLOW, lb
Launch configuration
Number of SRMs
Propellant weight, lb x 10"6
SRM
Booster
Thrust, lb x 10"6
SRM (sea level)
Booster
Action time
Stage mass fraction
Control requirements
Deflection, °
Rate, °/sec
Propellant
Acceleration, g
Liftoff
Flight
Maximum dynamic pressure, psf
S2-156 S4-120 P2-156 P3-120
1,198,000 1,198,000 1,650,000
2,820,556 2,847,876 2,446,248
4,018,556 4,045,876 4,096,248
Series, par- Series Parallel
allel attach
2 4 2
1.250 0.620 1.080
2.50 2.480 2.160
2.600 1.267 1.800
5.200 5.068 3.600
128 126 130
0.887 0.870 0.883
±6 ±12 ±6
5 5 5
.1 OCI t- n 1 1* — — • • 1 . z_) to i . j
1,650,000
2,045,113
3,695,113
Parallel
3
0.592
1.776
1.220
3.660
130
0.867
±6
5
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The motor case is shear formed of D6aC steel and contains a single circum-
ferential weld per component. Segment length has been maximized to provide a
minimum number of components and to yield minimum motor cost. UTC PBAN propel-
lant weighing 1,080,000 Ib is loaded into the segments and end closures. The
standard delivered specific impulse of this propellant is 248 sec. A simple
tubular perforation is used in all components except the forward closure where
a six-point star is installed to accomplish initial thrust shaping.
A UTC-developed TECHROLL seal nozzle is included in the design to accom-
plish thrust vector control. Parallel Spartan system turbine drive hydraulic
power units have been selected to power the uprated Saturn actuators providing
nozzle movement. A nozzle half angle of 20° has been selected to provide a
minimum length, minimum external aerodynamic torque nozzle. Use of the 20°
nozzle degrades the specific impulse 3 sec from that with a normal 15° nozzle.
A complete SRM stage electrical system is included to accomplish the
ordnance functions of ignition, thrust termination and staging, thrust vector
control and monitoring, malfunction detection instrumentation, arid prelaunch
checkout and readiness.
Thrust termination ports included on the forward closure are extensions
of the successful Titan III-C design. An insulated exhaust stack is attached
to a port flange which is integral to the forward closure. Detonation of
parallel linear-shaped charges severs the integral port membrane from the
closure and allows combustion gases to exit from the closure through the
exhaust stack. Internal insulation will be provided to protect the port throat
area and exhaust stack. This insulation will be provided to protect the port
throat area and exhaust stack. This insulation will be sized to maintain SRM
integrity for a duration adequate to accomplish orbiter abort.
Structural skirts are included at each end of the SRM case to support the
entire shuttle vehicle prior to launch and to accomplish thrust transmission
and load distribution to the HO tank interstage adapter. The forward skirt
length is established by the location of the thrust termination stack within it.
2-16
The aft skirt is sized to support the entire vehicle prior to launch. Large
.ground support longerons extend out from the skin line to mate with the facility.
The extension of these longerons determines the clearance of the nozzle exten-
sion during the liftoff phase.
Three of these motor assemblies are .connected together with tie rods and
the HO tank adapter to complete the booster stage. The tank adapter mates to
the individual SRMs at the bottom surface of its cross beams. The beams col-
lect and distribute the axial and bending loads between the SRM thrust skirt
and the adapter outer skin. The outer skin connects directly to the HO tank
with an explosive release system (super-zip joint) to provide for booster
staging.
2.3.2 S6-120 Motor Assembly
The S6-120 motor assembly is illustrated in figure 2-8. .This seven-segment
120-in.-diameter motor is a direct derivative of the manned orbiting laboratory
program, UA 1207 booster. Basic design and sizing of the SRM is identical to
the UA 1207. The design has been improved by changing the thrust termination
cover installation and by including the TECHROLL seal movable nozzle control
system. The PBAN propellant burning rate and the nozzle throat size have been
adjusted to achieve the expected shuttle booster thrust requirements.
Design features of this 120-in.-diameter SRM are as described for the
S3-156 design. Detail differences occur in segment sizing, retention of the
15° nozzle half angle, and use of six SRMs in the booster stage.
2.3.3 P2-156 Motor Assembly
The P2-156 design is illustrated in figure 2-9. This design is similar
to the S3-156 with a slight increase in size and modification of the HO tank
attachment method. The P2-156 design contains 1,250,000 Ib of UTC PBAN propel-
lant. Segment length is 332 in.
Ballistic design of the P2-156 is similar to the S3-156 with differences
in forward closure star rays, propellant burning rate, and nozzle throat size
to achieve the desired parallel staged ballistics.
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Attachment structure design changes also are required to accommodate the
parallel staged mode. The forward thrust transmission skirt length is -increased
to provide load distribution from the forward-mounted HO tank support longerons.
This forward loading allows a minimum weight, tension structure design of the
HO tank. The thrust skirt is topped off with an aerodynamic nose fairing and
no interstage adapter is required. Aft end structure is similar to the series
design with connection made to the orbiter tank rather than an adjacent SRM.
Staging motor packages are located in the nose fairing and on the aft
skirt to establish the required orbiter-booster separation at SRM burnout and
jettison.
2.3.4 P4-120 Motor Assembly
The P4-120 design is illustrated in figure 2-10. The design is derived
from the UA 1207 design in the same fashion as the S6-120. Design provisions
for the parallel operation are as described for the P2-156.
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2.4 SRM DESIGN DISCUSSION
2.4.1 Ballistic Analysis
The ballistic design philosophy for the shuttle boosters follows that which
has been successfully employed in forty UA 1205 flight motors and four UA 1207
static test motors. Large booster motors, such as the shuttle, require a regres-
sive thrust-time history to provide adequate liftoff thrust and minimum dynamic
pressure, and to assure that the in-flight thrust-to-weight ratio is below 3.0
at all times.
The thrust-time curves presented are achieved with a grain design which
incorporates a star configuration in the forward closure, a tapered cylindrical
perforation in the segments, and a straight circular perforation in the aft
closure.
2.4.1.1 Grain Design
The shape of the most desired thrust-time histories can be achieved by
changing the number of star points or the web thickness of the forward closure
grain. The forward closure star grain can be easily modified to incorporate
thrust termination ports by shortening two or more star rays. The forward
closure grain design for the series and parallel 120-in.-diameter motors is the
standard UA 1207 eight-point star. This design is shown in figure 2-11. This
star has a web thickness of 12 in. and has two star rays shortened to accommodate
two unrestricted thrust termination ports which are 33.4 in. in diameter.
The initial sea level thrust of the UA 1207 motor can vary from 1,213,000 Ib
for the series burn configuration to 1,431,000 Ib for the parallel burn config-
uration. This variation in initial thrust can be achieved without a change in
grain geometry by increasing the propellant burning rate in the forward closure
from 0.3 in./sec to 0.5 in./sec and by using a standard UA 1207 nozzle throat
diameter of 41.6 in. The 0.5 in./sec burning rate is identical to that used in
UTC's Titan staging motors and is accomplished by increasing the ferric oxide
burning rate catalyst.
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The lower thrust level of the 120-in.-diameter series burn configuration
can be achieved by a 0.3 in./sec burning rate and a standard UA 1205 nozzle
throat diameter of 37.7 in.
The forward closure grain designs of the 156-in.-diameter motors would be
similar to 120-in.-diameter designs. The 156-in.-diameter parallel burn motor
incorporates an eight-point star as shown in figure 2rl2.
The segment grain design of the UA 1207 series burn and parallel burn motors
is identical to the UA 1207 design (figure 2-13). Each.120-in.-segment perfora-
tion is cylindrical for 24.9 in. at the forward end and is conical from there to
the aft end of the grain. The segment length of 122.63 in. provides a 2.29-in.
transverse slot between segments. The bore diameter of 44.6 in. at the forward
end and 52.6 in. at the aft end results in the 2.65 in. sliver needed for a
12rsec tailoff. The segment web thickness is 35.1 in. The segment L/D of 1.03
allows for easy handling, processing, and transportation. With this L/D, one
end of the segment must be restricted to maintain the neutrality of the thrust-
time curve.
The segment grain design of 156-in.-diameter motors also incorporates a
tapered circular perforation. However, because of the segment L/D of the
156-in.-diameter motors, restriction of a propellant and face is not required.
Motor tailoff is produced by tapering the internal port so that web burnout
occurs sooner at one end of the segment. Duration of tailoff then is controlled
by the amount of taper in the bore, which can be changed to almost any reasonable
value. As an example, the 156-in.-diameter motors have a web difference of
2.5 in. which results in a tailoff of 9 sec. Thrust differential (motor to
motor) during tailoff can be controlled by selection of tailoff duration. The
thrust differential is determined by the product of the tailoff rate and the
motor-to-motor variation in web action time. This effect is shown in figure 2-14.
The aft closure grain design (see figure 2-15) for both 120- and 156-in.-
diameter motors is similar to the UA 1207 design, which is a straight circular
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perforation 55 in. in diameter. The aft portion of the grains will have a cham-
fer for clearance of a TECHROLL seal movable nozzle-
All closures and both ends of the segments incorporate propellant relief
boots to minimize propellant bore strain during propellant curing.
2.4.1.2 Propellant
The propellant proposed for the 120- and 156-in.-diameter motors is an 84%
solids loaded PBAN with AP oxidizer, aluminum powder fuel, and ferric oxide as
a burning rate catalyst. This PBAN ipropellant has excellent mechanical properties,
is well understood by UTC, and can be processed easily. Over 30 million pounds
of this propellant were manufactured by UTC during the original Titan III-C
program. In addition, Titan III-C motors have been successfully flown after 3
years of ambient storage, and Titan staging motors with PBAN propellant have
been statically tested successfully after 6 years of ambient storage.
Advantages in using an HTPB propellant are potentially lower cost, excellent
mechanical properties, improved processability, and improved performance. The
improved performance is obtained through a solids loading of 88% (90% to 92%
3
potential), a density of 0.065 Ib/in. , and a standard specific impulse of
252 sec. This results in an impulse-density improvement of 4% over the present
PBAN system. HTPB propellant is presented as an attractive alternate propellant
for both 120- and 156-in.-diameter motors.
The characteristics of both PBAN and HTPB propellants are presented in
table 2-IV. The burning rate range indicates the burning rates obtainable with
minor adjustments in the burning rate catalyst and all other ingredients the
same.
2.4.1.3 Motor Ballistic Performance
Complete motor performance predictions have been prepared for the 120-
and 156-in.-diameter SKMs for both the series and parallel burn baseline designs.
These predictions were made with the aid of UTC's LF-12 internal ballistic com-
puter program. The motors were designed to produce a liftoff thrust-to-weight
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TABLE 2-IV
PROPELLANT PROPERTIES SUMMARY
PBAN HTPB
Formulation, wt-7o
Binder 16 12
AP ' 68 70
Aluminum 16 18
Burning rate, in./sec at 1,000 psi 0.22 to 0.60 0.22 to 1.00
Density, lb/in.3 . 0.0635 0.0650
Specific impulse, sec 248 252
(standard delivered, 15° half angle)
ratio of approximately 1.3. The propellent grains were shaped to yield a
regressive thrust history for a minimum aerodynamic pressure and to maintain a
vehicle acceleration limit of 3.0. The baseline performance data is presented
for UTC's 3001 series PBAN propellant. Data also have been included for the
effects of an HTPB propellant.
These designs represent a best estimate of performance in response to vague
performance requirements. Selection of a final thrust-time history must,await
an iterative design-flight mechanics analysis to derive optimum payload effects.
The propellant grain then can be readily shaped to yield the precise performance
required, as was shown by UTC in NASA CR-114,389 and 114,390 prepared for the
Ames Research Center. These refined effects can be incorporated into the base-
line design withoud affecting the intent of the baseline design or costs.
Performance of the four baseline SRMs are summarized in tables 2-V and 2-VI.
Specific performance parameters identified in table 2-VII are portrayed in
figures 2-16 through 2-55.
Ignition transient data were prepared for the four basic designs and the
results are portrayed in figures 2-56 through 2-59.
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TABLE 2-VII
PERFORMANCE PARAMETER MATRIX
Ballistic Parameter Flight Index
Head End
Stagnation
Pressure
, 2-16
' 2-24
2-20
, 2-28
2-32
2-40
2-36
2-44
Aft End
Stagnation
Pressure
2-17
2-25
2-21
2-29
2-33
2-41
2-37
2-45
Sea Level
Thrust
2-18
2-26
2-22
2-30
2-34
2-42
2-38
2-46
Vacuum
Thrust
2-19
2-27 .
2-23
2-31
2-35
2-43
2-39
' 2-47
Propellant
Mass Flow
Rate
2-48
2-50
2-49
2-51
2-52
2-54
2-53
2-55
PBAN Propellant
S3-156
S6-120
P2-156
P4-120
HTPB Propellant
S3-156
S6-120
P2-156
P4-120
Preliminary motor end item specifications have been prepared for each of
the four baseline SRMs. The ignition transient data also are included. Addi-
tional data contained in the specifications extend the nominal performance to
the three-sigma limits. The ballistic variability data were derived fromUTC's
experience on the Titan 120-in.-diameter SRM programs. The basic variabilities
are as listed in table 2-VIII.
These tolerances apply to a completely random selection of ballistic perform-
ance. Any motor at any given time will fall within this range. However, these
limits can be improved when motors are selected for clusters in a specific
launch vehicle. During a manufacturing program, ballistic properties fluctuate
over a long period of time, as in a normal quality-controlled process. Thus,
motors made in sequence tend to be like each other. These SRMs made in sequence
tend to be used together. Further, SRM units can be selected from a production
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Figure 2-56. Ignition Transient for 156-In.-Diameter .SRM
(Series Burn, PBAN Propellant, Sea Level)
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Figure 2-57. Ignition Transient for 156-In.-Diameter SRM
(Parallel Burn, PBAN Propellant, Sea Level)
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Figure 2-58. Ignition Transient for 120-In.-Diameter SRM
(Series Burn, PBAN Propellant, Sea Level)
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Figure 2-59. Ignition Transient for 120-In.-Diameter SRM
(Parallel Burn, PBAN Propellant, Sea Level)
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TABLE 2-VIII
BALLISTIC VARIABILITIES
3-Sigma Variation
from Nomina 1, %
Web action time, sec 2.16
Average specific impulse 0.7
(sea level or vacuum), sec
Total impulse . 1 . 0
(sea level or vacuum), Ib-sec
Action time 3.11
Initial thrust, Ib 6.0
(ignition transient)
Instantaneous thrust, Ib 4.0
inventory so that the burning characteristics of given segments and closures
are nearly identical with their mates in adjacent SRMs on a vehicle. This
effect has been demonstrated in Titan III-C (UA 1205) flight history, as will
be discussed in the next section.
2.4.1.4 Ballistic Variabilities
The basic SRM ballistic variations were discussed in the previous section.
These variabilities combined with thrust vector misalignments are of concern
to flight mechanics analysts in development of launch vehicle payload capability,
flight controls requirements, and stability margins.
Variations of basic ballistic properties were listed in table 2-VIII.
Additional data pertaining to motor-to-motor thrust variations and thrust align-
ment often are needed to conduct control studies. The three-sigma limit of
instantaneous thrust deviation from the nominal during web action time is
55,000 Ib for a UA 1207. This number can be statistically manipulated to define
limits for cluster configurations. UA 1205 flight experience of 36 SRMs has
averaged a maximum motor-to-motor thrust differential of 29,200 Ib, as shown in
table 2-IX. These values would scale with the thrust level to define 156-in.-
diameter SRM deviations of 95,000 Ib.
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TABLE .2-IX
UA 1205 THRUST DIFFERENTIAL EXPERIENCE*
Maximum Thrust Differential, Ib
SRM Identification
1
3
5
t and 2
and 4
and 6
Web Action Time
60,000
45,000
20,000
Tailoff
30,000
155,000
157,000
Selective assembly initiated to
match component burning rates
7
9
11
13
15
17
23
25
29
31
33
and 8.
and 10
and 12
and 14
and 16
and 18
and 24
and 26
and 30*
and 32
and 34
45,000
10,000
30,000
30,000
10,000
20,000
15,000
20,000
80,000
12,000
12,000
55,000
' - —
75,000
120,000
50,000
53 , 000
78,000
105,000
85,000
75,000
52,700
Average 29,200 84,000
*Data were taken from 17 flights (34 pairs of SRMs)
tAnomalous motors with thrust rolloff at end web action time
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The maximum thrust differential between two motors during tailoff is con-
trolled by the slope of the tailoff thrust. This slope combined with the limits
on action time defines a maximum thrust differential. The UA 1207 specification
limit is 490,000 Ib. For the UA 1205, the limit is 290,000 Ib. UA 1205 flight
experience is an average of 84,000 Ib (table 2-1X). SRMs 156-in. in diameter
can approximate these values when similar tailoff rates are used. The effects
of the tailoff duration were shown in figure 2-14.
Thrust alignment criteria are defined by design and production practice.
Geometric limits of 0.25 half angle and 0.5 in. lateral displacement of the
thrust vector are possible. However, the precision of this requirement has not
allowed actual static test verification. Geometric control of thrust vector
alignment is practiced by UTC, even in the design and delivery of sensitive,
uncontrolled apogee motors. Some limited data have been disclosed of four early
five-segment static test firings (the 1205-2, -3, -4, and -7). This data had
been analyzed in detail at times of no liquid-injection thrust vector control
action to discover the true position of the actual thrust vector. The data
analysis includes misalignments of the gas forces within the nozzle, the nozzle/ ^
to the SRM, the SRM to the test stand, and the load measuring devices to the
test stand. The results of the analysis are shown in table 2-X.
It has never been a specific test objective to determine these misalignments.
Hence, the test tooling, test procedures, and data handling were not designed to
minimize induced error. The relatively large deviations coupled with the syste-
matic offset indicate a probable introduction of systematic error with SRM mis-
alignment in the stand, rather than vector misalignment within the nozzle.
Examination of the individual sets of test data reveal that the offsets are con-
sistent within a motor firing, but vary from motor to motor. Additional static
test data, with believed higher quality data, are available from the UA 1207
series. Subsequent detailed evaluation of this data should be continued if
interest continues in the parallel burn configuration without thrust vector
control.
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TABLE 2-X
! APPARENT THRUST VECTOR MISALIGNMENTS
UA 1205-2, 1205-3, 1205-4, AND 1205-7
Yaw
Pitch, (Plane of 6 Cant), in.
Angular alignment
Measurement error = +0.03 in. -0.05±0.18* -0.04±0.31*
Lateral offset
Measurement error = ±0.3 in. 4-1.211.6* +1.1±1.9*
*Tolerances are three-sigma variations.
The same factors disturbing evaluation of the test data should be considered
during translation of this data to vehicle stability analysis. The true position
of the SRM nozzle in relation to some vehicle reference must be known. Thus, the
motor internal alignments, SRM-to-vehicle alignment, HO tank-orbiter alignment,
and flexibility and growth characteristics of the entire assembly during
operation must be understood.
2.4.2 Motor Case Design
The shuttle booster application requires a lightweight, high-strength motor
case with man-rated reliability and minimum cost. To best meet these require-
ments, the selected 120- and 156-in.-diameter case designs are based on proven
technology from the 120-in.-diameter Titan III Stage 0 (624A) motor case presently
in production. The 120-in. design is a fully qualified seven-segment version
of the 624A case. The 156-in. case is a new design using the concepts, materials,
and fabrication methods which UTC has perfected in 120-in. development and pro-
duction programs. The features of both case designs include:
A. D6aC steel material with excellent toughness at high strength levels
and very low cost (less than one-third of other candidates)
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B. Segmented configurations giving component lengths within shipping and
handling limits and compatible with low-cost fabrication methods
C. Pinned clevis joints connecting case components (very reliable and
easy to assemble in the 624A program)
D. Proof test to 1.06 times MEOP to guarantee successful service in flight
with minimum risk of failure in proof test
E. Ultimate pressure 1.25 times MEOP for light weight with adequate
reliability. The case designs are shown in figures 2-60 through 2-65.
2.4.2.1 Material
D6aC low-alloy steel was selected for the 120- and 156-in.-diameter case
designs. D6aC steel offers a unique combination of high fracture toughness,
high strength, and low cost. In addition, its fabrication properties (welding,
forming, and heat treatment characteristics) are well understood, contributing
to a high level of confidence in successful motor component production. The
case material is heat treated to 195- to 220-ksi ultimate tensile strength, a
level which 624A program experience has shown to be adequate retained fracture
toughness to resist virtually all flaws which escape NDT inspection procedures.
Using D6aC steel at the selected strength level in the 624A program, no proof
test failures tia^e occurred in over 500 proof tests. Long-term cyclic flaw
growth resistance has been demonstrated by D6aC hydrostatic test closures which
have survived over 100 cycles to 88% of yield strength. The composition and
properties of D6aC steel are shown in table 2-XI.
Large-diameter motor cases require materials with high fracture toughness.
The thick walls of large cases impose near plane-strain conditions which promote
crack growth. Large cases require more material to be processed and larger
areas to be inspected, increasing the probability of undetected flaws. In addi-
tion, the large capital investment in each case component hydrotest tooling and
facilities requires an absolute minimum risk of fracture during proof test.
Under these conditions, successful minimum weight designs can be achieved only
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so outstanding that consideration has been given to increasing the material
strength level for the 156-in.7diameter design. In the Pershing and Minuteman
I
production programs, D6aC with an ultimate strength range of 220 to 240 ksi
was used successfully for cases with 0.090- and 0.147-in. wall thicknesses. In
this thickness range, however,,effective fracture toughness is increased by
plane-stress effects. In the relatively thick walls of the 156-in.-diameter
case (0.487 in.) and 120-in.-diameter 624A case (0.347 in.) plane-strain condi-
tions of minimum fracture toughness are approached. No production experience
exists for thick-walled cases made of D6aC at the 220 to 240 ksi strength level.
Since the higher heat-treat level reduces the material fracture toughness, the
proof test failure rate can be expected to be higher than that of the 624A
program, but cannot be confidently estimated. Therefore, the state-of-the-art
195 to 220 ksi tensile strength range was selected for both case designs.
D6aC steel was selected from a field of 10 possible case materials. Consid-
eration' was limited to materials with usable strength-density ratios over
680,000 in. to meet a motor mass fraction goal of 0.88, except for HY-140 steel
which has other characteristic advantages. More detail is presented in the
supporting research and technology section of this proposal. The properties of
these important candidates are summarized in table 2-XII.
The HY-150, HY-180 family'of alloy steels are potentially low-cost motor
case materials when reuse of fired hardware is considered. These alloys are
extremely tough and weldable after heat treat. They are also more compatible
with salt water environments than low-alloy steels. These characteristics are
valuable because they allow reliable repair of segments damaged during retrieval,
without risking performance. Other costs savings over D6aC are possible due
to their processability, since they may be heat treated to their ultimate strength
as roll-ring forgings prior to the shear forming operation. This capability
eliminates the need for new quench and temper facilities that are required to
handle fabricated 20 to 26 ft segments.
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Figure 2-60. Forward Closure
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if both tensile strength and fracture toughness are considered in choosing the
case material and material strength level. The amount of fracture toughness
required for nearly all production components to successfully complete proof
test is largely a matter of experience. No quantitative probability distribu-
tion correlating the size and number of flaws which escape inspection procedures
exists to serve as a basis for design. Without flaw size data, fracture mechan-
ics relationships cannot be used to predict the proof test failure rate.
TABLE 2-XI
D6aC STEEL COMPOSITION AND PROPERTIES
Composition
Element
Carbon
Manganese
Silicon
Phosphorus
Sulphur
Chromium
Nickel
Molybdenum
Vanadium
Iron
Mechanical Properties
Uniaxial tensile strength (required), psi
Uniaxial yield strength (estimated), psi
Elongation in 2 in. (required), %
Plane strain fracture toughness (estimated),
Percent by Weight
0.42 to 0.48
0.60 to 0.90
0.15 to 0.30
0.010 maximum
0.010 maximum
0.90 to 1.20
0.40 to 0.70
0.90 to 1.10
0.05 to 0.10
Remainder
195,000 to 220,000
180,000 to 208,000
7 minimum
85,000 minimum
At 195 to 220 ksi tensile strength, D6aC steel has demonstrated adequate
toughness for economical production in the highly successful 624A case program.
No proof test failures have occurred in the production of over five hundred
120-in.-diameter components. The toughness of D6aC at 195 to 220 ksi has been
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Although the HY alloys appear attractive, there are certain disadvantages
to be considered:
A. HY-150 at the lower strength will increase inert weight significantly,
25,000 to 30,000 Ib for the steel alone (not counting the additional
propellant) ; HY-180 may add as much as 10,000 Ib per segment plus
the propellant.
B. HY-180 is currently available from only a single source who does not
have the tonnage and ingot size capacity for shuttle requirements.
C. Each of these alloys will require a significant amount of nickel, which
may create a problem with strategic materials.
D. The nickel alloy has not been qualified, or demonstrated in the process
application envisioned for the shuttle motor cases.
UTC's supporting technology efforts in the initial stages would be devoted
to a study to evaluate the potential payoff of HY-150 or HY-180 in reuseable
large solid boosters.
Maraging steels which offer attractive properties and lower processing
costs do not appear competitive because of their initial raw material costs.
Another important penalty for maraging steels is the requirement for so much
of the strategic materials of nickel and cobalt. For maximum production, an
estimated 2 to 3 million pounds of nickel and 1 to 2 million pounds of cobalt
will be required per year. To assure that all possible materials are consider-
ed, maraging will be included in the supporting technology studies.
Low-alloy steels are much less expensive than other types of material
considered. The difference in material cost is so great that processing
cost differences are irrelevant. The difference in material cost per segment
between 18% nickel maraging steels and low-alloy steels is roughly $20,000.
The quench and temper heat treatment required for low-alloy steels is only
about $2,000 per unit more than the solution treat and age given maraging steels
and titanium alloys. The maraging steels offer excellent strength, toughness,
and fabrication properties, but their high cost cannot be justified for the
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156-in.-diameter booster application. Titanium alloy is even more expensive
than the maraging steels and would not be used unless very high performance was
required irrespective of cost. Table 2-XIII presents a cost comparison of
several materials.
Among the low-alloy steels, cost differences are relatively small and
material selection is based on fracture toughness and fabrication properties.
The low alloy steels listed in table 2-XII are weldable and have acceptable
forming characteristics. However, D6aC steel is unique among low-alloy steels
because it has excellent fracture toughness at high strength levels. HY-140
has the highest fracture toughness of the candidate steels. However, because
it is a lower strength alloy, it has the critical disadvantage of requiring
increased inert weight with additional costs for case material and increased
propellant to achieve payload equivalency with D6aC. However, the higher thres-
hold toughness in salt water and the reliable ease of repair (weldable without
property degradation) serve to make HY-140 a worthy candidate where multiple
motor case reuse is anticipated.
This candidate series of alloys will be studied in advanced supporting
research conducted during early phases of the program.
2.4.2.2 Configuration
Because both the 120- and 156-in.-diameter case designs are over 80 ft
long, segmented configurations are desirable to give component lengths which
are convenient for shipping and handling. The number and length of case
components affect the case weight, reliability, cost, and development risk.
To select an optimum configuration, various configurations have been considered
for each case design.
The configuration chosen for the 120-in.-diameter design is identical to
the fully qualified Titan HIM motor case, a seven-segment version of the 624A
cases presently in procution. By making maximum use of developed design tech-
nology, the selected design minimizes program risk. Other configurations have
been considered in an effort to lower case weight and cost by using fewer mech-
anical joints. However, the small weight and cost reductions achieved have
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TABLE 2-XIII
MATERIALS COST COMPARISON
D6aC (vacuum arc remelt)
D6aC (electroslag remelt)
D6a (vacuum degas)
HY-150 (air melt)
HY-180 (air melt)
200-grade maraging steel
(air melt)
250-grade maraging steel
(air melt)
12% nickel maraging steel
(air melt)
Material Processing*
1
1
0.9
1.05
1.15
1.9
1
1
1
0
0
0
.9
.9
.90
1.6
1.76
0.90
0.90
Cost, Decrease (-)
or Increase (+)
Millions of Dollars^
-1.2
-0.6
+2.0
+1.0
+1.2
*Similar process operations (roll-ring forging), shear spin, heat treat, machine)
tPer year for 250 26-ft segments (156-in. diameter)
$Maraging steel costs estimated on greatly reduced cost predicted on potential
reductions due to very high quantities.
been found to be insignificant in relation to the risk and cost of developing
new motor case and propellant grain designs.
Segments for the 120-in.-diameter case are made completely without welds
for low cost and high reliability. The segments are identical to the 624A
motor segments now being produced from seamless roll-extruded forgings. The
capability for low-cost production of weld-free, forged segments has been
developed during the 624A production program and has resulted in significant
cost savings and increased reliability over the earlier multipiece welded
construction. The aft closure is a 624A aft closure modified to accept the
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TECHROLL seal nozzle by increasing the nozzle boss opening. The forward closure
is similar to the 624A closure but includes TT ports and 40 in. of added
cylindrical length. Both closure domes are formed in one piece without welds.
One girth weld is needed to join the forward closure cylinder and dome. The
closure fabrication methods, which are the result of extensive cost reduction
studies made during the Titan III-C production effort, have demonstrated
effectiveness in producing reliable hardware.
Three case configurations are under consideration for the 156-in.-diameter
case. The primary choice is a three-segment configuration which minimizes the
number of mechanical joints in the case, saving about 1,000 Ib per each of four
joints and considerable manufacturing cost. Highest possible case reliability
is achieved by requiring assembly of the fewest joints and seals. The three-
segment configuration is compatible with low-cost component fabrication using
seamless forgings and minimum of welding. Each is made using a single weld to
join two 14-ft-long forgings. Existing roll-extrusion facilities have the
capacity to produce 15-ft forgings. Single girth welds are also used in the
closures to connect seamless dome and cylinder forgings.
The three-segment, one weld per component configuration involves the lowest
fabrication cost possible within existing forging length limits. All other con-
figurations require more welding or additional mechanical joints. Although less
expensive than mechanical joints, welds introduce an expensive^step in case fab-
rication. Processing is time consuming and requires careful control. Thorough
inspections must be performed to detect possible imperfections for repair prior
to proof testing. Completely successful welding procedures and inspection
criteria have been established for D6aC cases in the 120-in.-diameter SRM pro-
gram, although costs remain high.
The second case configuration being considered would be useful if scheduling
demands rapid delivery. If welds are used in case manufacture, extensive vendor
weld qualification procedures must be completed before production of flight hard-
ware begins. Production delays of up to 1 year are common for welded designs.
Early hardware delivery can be facilitated if no welding is used. A weld-free
design using presently available forging lengths requires seven cylindrical case
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segments and two closures. In effect, this design replaces the welds in the
three-segment design with four mechanical joints. There is weight penalty of
about 4,000 Ib, and total case fabrication cost is increased slightly. However,
the seven-segment configuration can be placed into production more quickly and
avoids any possibility of welding problems. The reliability of five and seven-
segment designs with weld-free segments has been demonstrated very successfully
in the 624A motor programs.
A third configuration is being considered for the future when longer cylin-
drical forgings become available. The three-segment, two-closure arrangement
is used, but segments are of one-piece forged construction, eliminating welding
altogether. Present limitations on material billet weight and forging machine
length place this design beyond the state of the art. Obstacles to future use
are relatively minor. Once forging lengths are extended, the weld-free config-
uration will have the lowest possible manufacturing cost.
2.4.2.3 Clevis Pin Joint
Pinned clevis joints, as shown in figure 2-66, are used to join the case
components in both the 120- and 156- in.-diameter designs. These are the
lightest, most reliable joints capable of withstanding the high loads from
chamber pressure and external forces. Reliability, ease of assembly and
disassembly, and complete interchangeability have been thoroughly demonstrated
in the 624A program.
UTC has done detailed studies of various joint types for large solid
boosters. In 1960, 30 designs were screened, 11 of which were analyzed in
detail for cost, weight, and reliability. As a result of the study, the
straight pin clevis joint was selected as optimum for large boosters. Since
then, UTC has evaluated the clevis pin joint in five booster size designs: the
P-l-2, TM-120, UTC 156-1, UA 1205-1, and Titan III-C, ranging in diameter from
96 to 156 in. Various tolerances on critical joint and seal features were
employed to evaluate fabricability and performance.
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This experience led to the design of the Titan III-C 120-in.-diameter
clevis joint placed in production. To date, over 500 joints have been-manu-
factured, and 1,000 assemblies and disassemblies have been accomplished with-
out significant problems. No seal leakage has occurred in either hydrostatic
test or motor operation. Interchangeability has been deomonstrated extensively
between flight components, hydrostatic test tooling, and static test hardware.
Table 2-XIV summarizes the selected critical tolerances (with reference to the
dimensions of figure 2-66) on past designs and those to be used for the 156-in.-
diameter design. The tolerances for both the 120- and 156-in.-diameter designs
are identical to those of the Titan III-C joint. These tolerances have been
achieved in production with very few discrepancies. The most common discrepant
feature has been oversize pin holes. Tests and analysis have shown that up to
10 holes per joint can vary 0.002 in. over print requirements without signifi-
cant effect on the ultimate load capacity of the joint. Using this result as
an acceptance criteria, the great majority (897,) of discrepant Titan III-C com-
ponents have been accepted for service.
The 156-in.-diameter clevis joint uses 208 pins, 1.085 in. in diameter,
to carry 63,300 Ib/in. from chamber pressure and external loads. The 120-in.-
diameter design has 240 pins, 0.716 in. in diameter to withstand 45,000 Ib/in.
Pin material is AMS 5616 stainless steel with 187, elongation at 212,000 psi
minimum tensile strength. With this excellent combined strength and ductility,
the pins deform at ultimate loads to give uniform load distribution and develop
the full load capacity of the joint. At lower load levels, pin loading is
uneven due to tolerance variations. UTC has tested clevis pin joints .to deter-
mine tolerance limits which prevent plastic deformation under normal operating
loads. A gap of 0.012 in. between most pins and pin holes will cause pins
initially in contact to approach yielding at working loads; therefore it is
used as a limit in setting tolerances. Test results are shown in figures 2-67,
2-68, and 2-69.
UTC selected a straight pin clevis joint over a tapered pin design to
minimize fabrication costs. The tapered pin concept allows a slight relaxa-
tion of true position tolerance on pin holes and provides initial contact at
each pin. Loosening pin hole location tolerance by 0.001 or 0.002 in. has no
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Figure 2-67. Clevis Joint Load vs Deflection
effect on case cost. Hole locations are established by tooling and are almost
never discrepant. The requirement for tapered pins and holes raises fabrication
cost. Tapered drill bits are more difficult to maintain and inspect than con-
ventional tools. Greater inspection time is required for tapered holes since
a simple go/no go test is insufficient. The initial contact of the tapered pin
design offers no advantage. Tapered pins in slightly offset holes contact a
relatively small area and do not achieve full load capacity until a substantial
amount of bearing deformation takes place. Both straight and tapered pin
designs show smooth load deflection relationships as joint features deform
slightly under increasing load. Since tapered pins are inserted to various
depths at assembly depending on alignment of the pin holes, pin retention is
more complicated compared to the straight pin design. A simple strap is in-
adequate. Unless each pin is individually retained at maximum insertion,
initial contact is lost and the tapered pins tend to work out of the holes
under handling loads and vibration. After studying the tapered pin concept,
it was concluded that no performance advantages exist to justify higher cost.
Therefore, straight pin design was selected.
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Joint sealing is accomplished with 1/4-in.-diameter 0-ring seals. Toler-
ance and surface finish controls are identical to 120-in.-diameter motor
requirements, which have given perfect seal performance. 0-ring material is
a 70-durometer Viton compound with good heat and abrasion resistance. Resist-
ance to long-term compression set is excellent. Minimum initial 0-ring com-
pression is 14.6%, based on results of a test program conducted to support the
120-in.-diameter motor program. For the shuttle booster application, man-rated
reliability of assembled seals will be assured by using two redundant 0-rings
at each joint. In the assembly of the clevis joint, there is a small possibil-
ity of damaging the 0-ring by pinching between mating parts. This has never
happened in hundreds of assemblies of 120-in.-diameter motor components. To
remove the possibility completely the 156-in.-diameter design has two 0-rings
per joint. If an 0-ring is ever damaged in assembly, the remaining Oaring
will prevent leakage.
2.4.2.4 Segments
The 120-in.-diameter motor segments have a 0.347-in. minimum wall thick-
ness to withstand a MEOP of 920 psi with a 1.25 safety factor based on uniaxial
material properties. A 0.487-in. minimum wall for the 156-in.-diameter motor
segments provides the same factor of safety for a MEOP of 1,000 psi. In both
designs, the wall thickness range is controlled by minimum thickness and maxi-
mum component weight limits, which allow the case fabricator maximum latitude
within the case weight requirement. Larger local wall thickness variations
than with equivalent minimum thickness/maximum thickness limits are allowed.
The design of these components is illustrated in figures 2-61 and 2-64.
Case segments include clevis joint features at each end. The joint design
will be varied, if necessary, to be compatible with the segment forging method.
The optimum joint configuration is symmetrical with respect to the neutral axis
of the case, with reinforcement material on both the inside and outside surfaces
of the case. With this design, loads'are carried efficiently in tension with
little induced bending. A minimum amount of reinforcement is needed. However,
the symmetrical joint design requires forgings with sculptered internal and
external contours. Only one source is available for low-cost production of
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this type forging. Other sources can supply forgings if either the inside or
outside surface is straight and all joint reinforcement is to one side of the
case wall.
The eccentric position of joint features with respect to the case wall
induces bending loads in the joint and requires additional reinforcement.
Although the eccentric clevis joint is heavier than the symmetric design, it
is an acceptable alternate which will be used if significant savings in forging
costs can be achieved. The two joint configurations are shown in figure 2-70.
2.4.2.5 Closures
Hemispherical closure domes are used in both the 120- and 156-in.-diameter
designs to give maximum internal volume for propellant and minimum case weight.
For 156-in.-diameter design and the forward closure of the 120-in.-diameter
motor case, the closures include a cylindrical section girth welded to the
closure dome. The domes and cylindrical sections are formed in one piece
•\.
13
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Figure 2-70. Alternate Clevis Joint
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using forging, hot spinning, and roll-extrusion techniques developed during
the 624A production program and presently in use. The 120-in.-diameter closures
have welded external skirt extensions for the 156-in.-diameter design, the
skirt weld is eliminated by using an integral stub skirt machined from the
closure forging. The skirts include features for mechanical attachment to
adjoining structure with pinned clevis joints.
The forward closures include reinforced openings for igniter and TT ports.
In the 120-in.-diameter design the TT port covers are removable and are bolted
to the closure. In the 156-in.-diameter case, the TT port covers are integral
parts of the closure wall. If TT is required, shaped charges are used to sever
the covers and open the ports. The hemispherical dome is advantageous for use
with TT ports since openings at all locations on the dome can be reinforced
by axisymmetric features, greatly simplifying machinging operations. A 45
skew angle is used for the TT ports to provide maximum forward thrust com-
ponent with minimum TT stack length and to avoid plume impact on surrounding
structure. The forward closure designs are shown in figures 2-60 and 2-63.
The aft closures have a reinforced opening for the nozzle, with provisions
for a bolted flange joint with shear lip. The 120-in.-diameter aft closure is
a simple hemisphere with no added cylinder section. The aft closure for the
baseline 156-in.-diameter design includes a 4-ft cylinder welded to the closure
dome. Maximum state-of-the-art billet weight of about 30,000 Ib presently
limits the overall length of a one-piece closure. In the future, if larger
billets are available, the girth weld between dome and cylinder can be elimina-
ted to further lower fabrication cost. The closure design is shown in figures
2-62 and 2-65.
Each closure includes clevis joint features for connection to case segments.
The configuration of the joint reinforcement may require adjustment to comply
with minimum-cost fabrication methods. Both symmetric and eccentric clevis
joint designs will be considered for the closures in an effort to produce mini-
mum cost parts.
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2.4.2.6 Factors of Safety
The 120-in.-diameter case design is identical to the fully qualified, man-
rated Titan HIM motor case. The following ultimate factors of safety were
used in the design of the Titan III M case:
Condition Factor of Safety
Internal motor case pressure 1.25
Thrust and engine loads 1.25
External flight loads 1.40
In-flight TT 1.10
TVC side force at maximum Q 1.40
These safety factors are equal to or greater than those used for the 624A
case.
The Titan HIM design factors are adequate for both the 120- and 156-in.-
diameter motor cases. Based on the successful burst test and static firing of
Titan HIM case components and the highly reliable performance of 624A produc-
tion hardware. The 1.25 factor of safety on internal pressure is based on the
3-sigma upper limit of operating pressures (MEOP) and the minimum-uniaxial
tensile strength of the case material. The proof testing procedure adds further
to component reliability by screening out the statistically few low-strength .
parts. Use of the same parameters for the 624A cases has resulted in no
failures in either proof test or motor firings. Since the material, strength
level, design concepts, and fabrication technology for the 120- and 156-in.-
diameter case designs are identical to those of the 624A components, excellent
reliability is expected for these designs. Use of the same parameters for the
624A cases has resulted in no failures in either proof test or motor firings.
Since the material, strength level, design concepts, and fabrication technology
for the 120- and 156-in.-diameter case designs are identical to those of the
624A components, excellent reliability is expected for these designs.
A design factor of safety has two purposes: (1) to provide a margin of
strength capable of meeting unexpectedly high loads and (2) to reduce operating
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stress levels to the point where flaws, contour deviations, and other design
imperfections encountered in service will have no adverse effect on case
operation. The actual breaking strength of a case produced without imperfections
is up to 157o greater than the design burst pressure due to the apparent increase
in material strength in a biaxial stress field. In a fully developed motor with
a uniaxial safety factor of 1.25, there is very little chance of encountering
the 25% to 40% overload required to break a defect-free case. The critical
failure mode for. operational cases is fracture in the presence of defects at
stresses below ultimate material strength. The most important role of the
design factor of safety is to set operating stresses at levels where chance
of failure due to undetected flaws is very small.
The role of the case proof test is to demonstrate that no flaws exist
which are large enough to grow to critical size in the next few cycles to
operating pressure (see NASA SP-8040) . The margin of proof pressure above
operating pressure is set to guarantee a desired number of safe operational
cycles. Where operating loads are well characterized on a statistical basis,
as in a developed rocket motor, successful proof tests can guarantee success-
ful operation in service regardless of design safety factor. The percentage
of components successfully completing proof test will be critically dependent
on the design safety factor which determines case operating and proof test
stress levels. The margin between proof test wall stress and material yield
strength sets the size of undetected flaws which can be tolerated without
failure in proof test. Based on 120-in.-diameter motor production experience,
the 1.25 factor of safety gives stress levels low enough to prevent failure in
proof test of virtually all large booster production components made of D6aC
steel at 195 to 220 ksi strength. A higher factor of safety would add un-
necessary case weight. A lower factor of safety would increase the risk of
proof test failures.
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2.4.3 Nozzle and Insulation Design
/
2.4.3.1 Motor Case Insulation
2.4.3.1.1 120-in.-Diameter Motor
The shuttle booster internal insulation design is based upon the materials
and processes used in the UA 1207 design developed for the MOL program. The
forward closure and segment insulation-configuration is identical—to that of
the 1207 motor, while the aft closure insulation configuration will differ only
in the nozzle attachment area where a submerged nozzle is used.
A. Forward Closure
The forward closure insulation is the same as that used on the 1207 motor.
Silica-asbestos-filled Buna-N rubber per UTC specification SE0096 is used
for maximum erosion resistance to keep required thicknesses and weight at
a minimum. This design is shown in figure 2-71.
The required insulation thickness at all locations is the same as that
successfully demonstrated in the 1207 motor test program. These thick-
nesses have a factor of safety of 1.25 on ablation rates with sufficient
additional material added to maintain insulation-to-case wall bondline
temperatures below 100 F. The total thicknesses required vary from a
maximum of 0.89 in. at the aft butt joint to a minimum of 0.54 in. in
the cylindrical section and dome at the areas of propellant burnout
under the star rays.
A propellant shrinkage liner (boot) is provided at the aft end of the
closure in order to reduce grain stresses. The rubber will be vulcanized
in place in the closure per UTC specification SE0089. An ozone-resistant
material will be applied to insulation surfaces that will not be covered
by propellant.
TT port throats are identical to the Titan III-C design. This design can
be used without modification because the original Titan III-C design
requirement was for a TT life of 10 sec. The throat design was not
changed when the requirement was deleted.
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B. Segment
Segment insulation is the same as that used on the 1207 motor. Insulation
in the segment with the exception of the forward restrictor and aft insula-
tor is silica-filled Buna-N rubber per UTC specification SE0095. The re-
strictor and aft insulator must withstand a more severe flow environment
-and, as a result, is fabricated-of-silica-asbestos-filled Buna-N rubber
per UTC specification SE0096. Design thicknesses were determined in a
similar manner as for the forward closures. A factor of safety of 1.25
was applied to ablation rates. This design is shown in figure 2-72.
Propellant shrinkage liners (boots) are provided at the forward and aft
ends of the grains. Between the forward and aft insulators, the case wall
is insulated with silica-loaded Buna-N rubber. This insulation protects
the steel case during tailoff. The insulation is stepped to account for
the varying time of exposure caused by the tapered circular port grain
design. The insulation thicknesses required vary from a maximum of 1.02 in.
at the aft end butt joint to a minimum of 0.10 in. in the side wall at the
forward end.
C. Aft Closure
The aft closure insulation is fabricated of silica-asbestos-filled Buna-N
rubber per UTC specification SE0096. Except for the area near the nozzle
attachment boss, the insulation thicknesses are the same as those demon-
strated in the 1207 motor test program. The basic insulation is shown in
figure 2-73. All thicknesses have a factor of safety of 1.5 applied to
ablation rates and sufficient additional material added to limit case
wall temperatures to 100 F during motor action time. In the nozzle boss
area thicknesses were determined by calculating a conservative heat flux
versus ablation rate correlation to determine, the ablation rates.
A tapewrapped silica cloth-phenolic insert is used in the nozzle boss area
to provide a proper interface with the nozzle. At the boss, the insert
thickness is 3.00 in. From this point the insulation tapers uniformly
out to a thicknessvof 0.91 in. at the point of propellant burnout and
then tapers up to a thickness of 1.46 in. at the forward butt joint.
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A propellant shrinkage liner (boot) is provided at the forward end of the
closure to reduce grain stresses. The rubber will be vulcanized-in place
in the closure per UTC specification SE0089. An ozone-resistant material
will be applied to all insulation surfaces that will not be covered by
propellant.
2.4.3.1.2 156-in.-Diameter Motor
The same materials and processes are used for the 120- and 156-in.-dia-
meter SRM internal insulations. The required thicknesses vary due to different
heat fluxes and exposure times. In addition, the segments have no forward end
restrictor.
A. Forward Closure
The forward closure insulation is similar to that used on the 120-in.-dia-
meter motor. Silica-asbestos-filled Buna-N rubber per UTC specification
SE0096 is used for maximum erosion resistance. This design is shown in
figure 2-63. The required insulation thicknesses were determined by using
measured 1207 motor ablation rates and scaling these rates up with heat
flux over that interval of time when the location being analyzed is exposed.
The ablation rate is thus known. The ablation rate was multiplied by the
exposure time and by a factor of safety of 1.25, and sufficient additional
material was added to maintain insulation-to-case wall bondline temperatures
o vbelow 100 F. The thicknesses required vary from 0.84 in. at the aft butt
joint to a minimum of 0.44 in. at the point of propellant burnout under
the star rays.
A propellant shrinkage liner (boot) is provided at the aft end of the
closure to reduce grain stresses. The rubber will be vulcanized in place
in the closure per UTC specification SE0089. An ozone-resistant material
will be applied to insulation surfaces that will not be covered by pro-
pellant.
B. Segment
The segment insulation is similar to that used on the 120-in.-diameter
motor, except that there is no restrictor over the forward face of the
2-122
propellant. Therefore, the case wall insulation in the forward end is
thicker due to the earlier exposure to the hot gases. This design is
shown in figure 2-64. The insulation throughout the segment is silica-
asbestos-filled Buna-N rubber per UTC specification SE0096. Design thick-
nesses were determined in the same manner as for the forward closure.
These- thicknesses vary from 1.11 in. at the aft butt joint and 1.48 in.
at the forward butt joint to a minimum of 0.10 in. at the area of pro-
pellant .burnout . The total thickness of 1.48 in. at the forward butt
joint is not needed to resist ablation, but is required to provide a
proper interface with the mating segment. At the propellant/insulation
junction, a thickness of 1.28 in. is needed to provide adequate protection
for the case.
Propellant shrinkage liners (boots) are provided at the forward and
aft ends of the grains.
C. Aft Closure
The aft closure insulation, shown in figure 2-65, is fabricated of silica-
asbestos-filled Buna-N rubber per UTC specification SE0096. Except for
the area near the nozzle boss, thicknesses were arrived at by scaling 1207
motor ablation data to correct for chamber pressures, Mach number, and
time of exposure. A factor of safety of 1.5 was applied to ablation rates
;.and sufficient additional material added to limit case wall temperatures
to 100 F during motor action time. The thicknesses in the nozzle boss
area were calculated in the same manner as for the 120-in.-diameter
motor. A tapewrapped silica cloth-phenolic insert is used to provide the
proper interface with the nozzle. The thickness of the insert at the
nozzle boss is 4.7 in. From this point the insulation tapers uniformly
out to a minimum thickness of 0.40 in. at the point of propellant burn-
out, then tapers up to a thickness of 1.48 in. at the forward butt joint.
A propellant shrinkage liner (boot) is provided at the forward end of the
closure to reduce grain stresses. The rubber will be vulcanized in place
in the closure per UTC specification SE0089. An ozone-resistant material
will be applied to all insulation surfaces that will not be covered by
propellant.
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2.4.3.1.3 Insulation Design Factors of Safety
In the preceding paragraphs it has been stated that a factor of safety of
1.25 on ablation rates was used for the forward closures and segments, and a
factor of 1.50 was used for the aft closures. These factors are used to account
for possible variations in ablation that could be caused by differences between
actual and predicted motor chamber pressure, action time, and insulation expo-
sure time. Additionally, slight variations in the uniformity of the insulation
material must be considered. The higher factor (1.50) is used in the aft -
closure design since the ablation rates and possible variations in these rates
are significantly higher than in the segments or forward closures.
Increased factors of safety could be used in all areas of the design, which
would naturally increase the overall reliability of the design. It would result
in an insulation weight increase that is approximately proportional to the
increase in the factor of safety.
2,4.3.2 Nozzle
2,4.3.2.1 120-in.-Diameter Motor
The configuration of the nozzle is shown in figure 2-74. The nozzle, which
is basically a modification of the 1207 motor nozzle, has a throat diameter of
41.61 in., and the exit cone and exit cone extension provide an overall expan-
sion ratio of 9.19:1. The major modification is incorporation of the TECHROLL
-.3,
seal. Other changes include (1) use of a tapewrapped carbon cloth-phenolic
throat insert in place of molded graphite cloth-phenolic rosette rings, (2)
reduction in exit cone liner thickness, (3) use of a fiberglass overwrap in-
stead of an aluminum honeycomb structure in the structural portion of the exit,
and (4) use of low-density silica-phenolic as the extension cone liner material.
The 41.6-in throat is based upon the current 1207 design. Other ballistic mod-
ifications would utilize a different throat size and expansion ratio.
A. Nozzle Throat
The throat insert is carbon cloth-phenolic tapewrapped with the plies
oriented at 90 to the nozzle centerline. The tapewrapped throat is
shown in place of the rosette layup rings used in the existing 1207
nozzle because of its potential cost savings due to easier fabrication.
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Figure 2-74. Nozzle Configuration
for 120-In.-Diameter SRM
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The insert is backed with parallel wrapped glass cloth-phenolic, and the
entire insert package is bonded with epoxy adhesive to the structural steel
movable section of the TECHROLL seal assembly. A molded carbon-phenolic
nose cap is used and insulatiion for the submerged movable and fixed sec-
tions of the seal assembly is tapewrapped silica cloth-phenolic. The
fixed section of the seal assembly which attaches to the aft closure is
D6aC steel.
B. Nozzle Exit Cone
The exit cone attaches to the throat assembly by means of a bolted joint
similar to that used on the 1207 nozzle. The leading edge of the exit
cone liner is at an expansion ratio (e ) of 1.11, and the liner material
from this point aft to e = 2.!5 is parallel to centerline wrapped carbon
cloth-phenolic backed with silica cloth-phenolic. From e= 2.5 to the
joint with the exit cone extension at e = 3.5 the liner material is .
parallel to centerline wrapped silica cloth phenolic. The maximum liner
thickness is 1.66 in. compared to a thickness of 2.01 in. required on
the 1207 nozzle. This reduced thickness is possible since the increased
ablation caused by TVC fluid jinjection is not present. The exit cone
structural shell is 4340 steel.
C. Nozzle Exit Cone Extension
The exit cone extension liner, which extends from e= 3.5 to e = 9.19, is
parallel to centerline wrapped low-density silica-phenolic. This material
has approximately half the density of silica-phenolic used in the exit
cone and provides adequate ablation resistance for use in the high area
ratio, low heat flux regions. The thickness of the liner tapers from
1.7 in. at the forward end to 0.9 in. at the aft end.
The structural portion of the extension consists of a steel forward attach
ring and a fiberglass overwrap. It should be noted that the aluminum
honeycomb structure that was used on the 1207 nozzle is not required on
this nozzle since the high nonsymmetrical loading caused by liquid injec-
^ion TyC_is_no^jpreser^tJL The overwrap is easier to fabricate, less expen-
sive, and will provide adequate support for the liner.
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2.4.3.2.2 156,-in.-Diameter Motor
The nozzle for the 156-in.-diameter motor, as shown in figure 2-75, is
!
simply a scaled up version of the 120-in.-diameter motor nozzle.
The nozzle has a throat diameter of 52.00 in., and the exit cone and exit
cone extension provide an overall expansion ratio of 10:1. The same materials
and design features that were used for the 120-in.-diameter nozzle are used
throughout this design. The material thicknesses required are greater than
those for the 120,-in .rdiameter motor nozzle due to slightly higher heat fluxes
and longer exposure times. Otherwise, the designs are identical.
Both fhe 156r and 120-in.-diameter motor nozzles are canted 0 with the
capability of a ±11 deflection. A parametric study was done to determine
what effect: different cant angles and deflection angles would have upon the
weight of the system. T^6 results of the study are shown by the curves in
figure 2-76. The cant angle alone has little effect upon the weight since
all parts could be d.esigned to be symmetrical about whatever axis the nozzle
is on. However, with increased deflection angles there is a significant in-
crease in weight. This is due primarily to the fact that the seal assembly
becomes longer and the entires assembly must be moved outboard to provide
adequate clearance fqr the movable section of the nozzle to achieve the
desired deflection.
2.4.3.2.3 Resign Factors of Safety
In all areas qf the nozzle the ablative material thicknesses have a safety
factor of 1,25. on ab.lation rates with sufficient additional material added
to maintain ^he b.ondline temperatures below 100 F. In other large motor nozzle
designs, such a? the Titan III-C and Titan HID and 1207, it has been shown that
this factp.r adequately accounts for pp.ssib,le variations, in ablation that could
be caused by differences between actual and predicted motor chamber pressure
and action time, unusual flow conditions, or slight variations in the uniformity
of the ablative materials.
.. ... .., , ... . .
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2.4.4 TVC System Selection
A hydraulically actuated movable nozzle system has been selected by UTC
for control of the SKM shuttle booster. This selection was made on the basis
of a 10% cost reduction with an attendant inert weight reduction from a liquid
injection TVC system.
The UTC-developed TECHROLL seal is being recommended for the movable
nozzle bearing. Movement of the nozzle is accomplished by Saturn actuators
modified to provide the required stroke and incorporate desirable majority vote
servovalve techniques. Hydraulic power is supplied with a Spartan system solid
gas generator powered, turbine driven hydraulic pump.
2.4.4.1 TECHROLL SEAL
The TECHROLL seal is a fluid-filled, constant-volume bearing between the
nozzle and motor case which permits easy pivoting of the nozzle by allowing
fluid in the bearing to displace from side to side as the nozzle rotates.
Nozzle ejection is prevented by the incompressible fluid of the bearing which
is contained in the fixed volume of a fabric-reinforced elastomeric seal of
annular geometry with two rolling convolutes. Axial motion is minimized by the
'use of the fixed fluid volume, and side displacement of the nozzle in the plane
of the seal is minimized by the restoring convolute and differential pressure
forces, as shown in figure 2-77.
TECHROLL seals have been demonstrated successfully in UTC in-house programs
and under contract with AFRPL (both third-stage Minuteman and HIPPO motors).
Seals are currently under development for the Poseidon and C-4 fleet ballistic
missile programs, and for the Army.
The bearing pressure (figure 2-77) develops as a reaction to the nozzle
blowoff loads during motor operation. The bearing pressure is inversely pro-
portional to the seal width and can be decreased by increasing the seal width
and by decreasing the convolute width. In the limiting condition, the bearing
pressure can approach the chamber pressure of the motor. During storage of a
typical motor, the seal is essentially unpressurized (less than 5 psi) for long
storability.
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The seal is supported in all areas by structure except in the region of
the convolute roll. The small convolute diameter (figure 2-77) produces low
tensile forces readily carried by a single layer of rubber-coated reinforcement
cloth. These forces, characteristically 500 lb/linear in., are well within
the state of the art for nylon-, rayon-, or dacron-reinforced elastomeric mate-
_r_ials.._ .A. particular ..advantage ..of t_he_ TE_CHRQLL._seal. ..system .is_ that, the wall. __.
thickness, convolute diameter, and bearing pressure can be identical on a wide
range of motor sizes. This means that essentially the same seal cross section
can be used on a variety of motor sizes, thus minimizing overall complexity of
development and testing.
A key feature of the TECHROLL seal movable nozzle is its low inherent and
internal aerodynamic torque. Lowest actuation torques occur when the convolutes
are placed on a common plane. The intersection of this plane with the nozzle
centerline defines the pivot point. Using this seal geometry, deflection
torques are very low. If higher torques are desired, the convolutes may be
displaced from the common plane to generate an interference torque and achieve
the desired restoring torque characteristics.
Thermal protection of the TECHROLL seal is conventional and can be accom-
plished by using grease retained by a graphite or carbon cloth, as done on
elastometallic flexible joint movable nozzle systems. Low-density fluids
used in the TECHROLL seal are selected for long-term compatibility with the
seal rubber coating. Silicone hydraulic oil has been used successfully and has
a 10-year compatibility with many rubber coatings. In practice, the viscosity
of the fluid can be selected to provide damping as required. The potential for
fluid loss is minimal since there are no sliding or pressure-actuated seals,
and driving pressure during storage is essentially zero.
The seal/closure is designed for a fail-to-null nozzle position if seal
integrity is lost. Decoupling of the nozzle actuation system will assure a
nulled motor.
Pertinent design characteristics of the individual seals for 120- and
156-in.-diameter motors are presented in table 2-XV. The 156-in.-diameter
design was shown in figure 2-75.
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TABLE 2-XV
TECHROLL SEAL PARAMETERS
120-in.-Diameter SRM 156-in.-Diameter SRM
Neoprene with dacron or nylon reinforcement
.n. 0.08 to 0.1
67.2
58.0
2.3
0.4
Silicone
i 1,500
liid, Ib 112
0.08 to 0.1
79.0
69.0
2.5
0.4
oil
1,500
207
Parameter
Seal material
Material thickness, in
Outside diameter, in.
Inside diameter, in.
Seal width, in.
Convolute width, in.
Fluid
Internal pressure, ps
Weight of seal and flu
2.4.4.2 Nozzle Actuation System
Positioning of the TECHROLL seal supported nozzle in response to vehicle
attitude commands is accomplished with the hydraulic system shown schematically
in figure 2-78 . Installation of this unit is shown in figure 2-79.
Two linear, hydraulic actuators are sized to provide force sufficient to
overcome nozzle loads while maintaining desired rates of deflection. The two
actuators (pitch plane and yaw plane) are attached between the motor aft clo-
sure and the nozzle. Extension or retraction of the actuators rotates the
nozzle about its pivot point.
Electrohydraulic servovalves control the actuator movement by directing
hydraulic oil flow to appropriate actuator ports. Actuator position feedback
completes a closed loop about the nozzle position.
Servovalve command signals are issued from an electronic package which
processes vehicle attitude commands. This package will resolve signals for
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proper deflection orientation, monitor nozzle position, modify signals for
nonlinearities, provide command limiting, and other compensation as required.
A regulated pressure hydraulic supply system has been selected to provide
hydraulic power to the actuators. The pump is driven by an attached turbine
with energy supplied by a solid propellant gas generator. The supply unit
consists of the gas generator, the pump and turbine, a reservoir, pressure
control valves, and an accumulator.
Reliability is enhanced by employing redundant servovalve stages, feed-
back units, and parallel hydraulic supply units. Design approaches for the
system are based on Titan III, Saturn, NIKE-ZEUS, and. Spartan experience. All
component designs are state of the art.
Other system components include signal conditioning equipment, malfunction
detection devices, ground-to-vehicle power transfer switches, and vehicle
electric power sources.
Two candidate hydraulic supply sources were considered in this preliminary
design effort: (1) regulated pressure pump system powered by either a gas gen-
erator driven turbine or a dc electric motor and (2) a blowdown source with
supply pressure decaying as a function of duty cycle history. The turbine-
driven pump system was selected primarily because of its high power-to-weight
and power-to-volume ratios.
The following subsections describe system components in detail as well as
their design basis. Torque magnitudes are developed, and a basic duty cycle
is established for design purposes with the following system performance
criteria:
Deflection, 6 ±11°
Slew rate, 6 ,5°/sec
Acceleration,6 2 rad/sec/sec.
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.Figure 2-79. Installation of TECHROLL
Seal Hydraulic Power Supply
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This criteria was selected as a composite of the best data available from
the Phase B contractors. The total deflection angle was selected to include
any possible precant angle. The numbers are believed to be conservative in their
effects upon system sizing. Further development of specific control require-
ments will serve to reduce these system requirements.
2.4.4.3 Flight Duty Cycle
The design of an actuation system and the determination of power require-
ments are dependent on static and dynamic loads and on an expected duty cycle.
A typical duty cycle for this design effort is based on Titan III data.
The vehicle is assumed to have a velocity profile similar to the Titan III
configuration as well as a similar attitude command program. The effects of
vehicle eg changes have not been considered because they are dependent upon the
configuration.
Three contributions to the total duty cycle are estimated: (1) stabilization
for vehicle moments (dynamic pressure (Q) effects), (2) trajectory maneuvers,
and (3) vernier control.
A. Stabilization
The vehicle is assumed to have a couple due to dynamic pressure loads,
K.Q, which is opposed by the thrust vector deflection force, K_ tan0.
.'. flatan'1 (Q)
A control margin is assigned for this stabilization function (i.e., at
maximum Q let a 5° thrust deflection provide vehicle stabilization with
the remainder (5°) available for additional control). Applying data from
a typical Titan III flight, the following stabilization profile is derived:
Time, sec 6 d0 dg/dt
0 0 0
15 0.5 0.5 0.0333
40 3.75 3.25 0.13
50 4.6 0.85 0.085
57.5 5.0 0.4 . 0.0534
7.0 4,-2 0-.-8 0-.-064
90 2.2 2.0 0.1
105 . 1.0 1.2 0.08
120 1.6 0.6 0.04
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B. Trajectory Maneuvers
A maximum required nozzle deflection of 10° is assumed and each attitude
command is from the stabilizing level to 10° and return at maximum slew
rate (5°/sec). A roll at 10 sec, a pitchover at 20 sec, a pitch control
at maximum Q (60 sec), and an equal simultaneous pitch/yaw correction
during tailoff (100 sec.) comprise the trajectory control program. The
following data tabulates the activity:
Time, sec A0, degrees At, sec
10.0 . 9 1.8
11.8 18 3.6
15.4 9 1.8
20 9 1.8
21.8 9 1.8-
60 5 1
6 1 5 1
100 6 1.2*
101.2 6 1.2*
C. Vernier
Based on Titan III data, vernier control is given an oscillatory history
of 0.5 cps at amplitudes of ±1°. This portion of the duty cycle repre-
sents the continuous attitude control of the system. This establishes
the steady state flow requirements of a hydraulic supply system.
0.5 cps at ±1.0° = 240° total deflection
D. Composite Duty Cycle
i
The total duty cycle, which is a composite of the three functions, is
presented in the following tabulation and in figure 2-80.
Angular Displacement
Function degrees
Stabilization
Trajectory
Roll
Pitch (20 sec)
Pitch (60 sec)
Pitch/yaw (100 sec)
Vernier
Total 340.0
* In each axis.
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Figure 2-80. Basic Duty Cycle
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This duty cycle is applied to the pitch axis only; yaw activity is assumed
to be equivalent to ±0.5° at 0.5 cps and the single skew .command during
tailoff. . .
2.4.4.4 Nozzle Torque Requirements
The torque required to deflect a TECHROLL supported nozzle from a neutral
position depends on system design, the desired deflection, and the rates of
displacement. The major components of torque are discussed in the following
paragraphs.
The systems presented are designed for a 10 maximum deflection with a
1° margin assigned. Thus, all maximum torques are for 11° deflection with a
slew rate of 5°/sec and an acceleration of 2 rad/sec/sec. This combination
of. requirements provides further conservatism in system sizing.
Inertial torques result from accelerating the nozzle mass and the elements
of the seal. The seal contributions are developed from empirical and analyti-
cal expressions evolved from seal design and development activities at UTC.
They are a direct function of the seal design and consider the effect of size,
material, and positioning of the unit.
Damping torques and hysteresis are also functions of the basic seal design
and are calculated using supporting data from previous development efforts.
The spring rate of the seal is the other torque component directly attributable
to seal design and is also derived from UTC determined data.
All of these seal functions will be empirically verified through subse-
quent subscale and full-scale system development tests.
Vehicle acceleration produces torque as the nozzle is displaced from
neutral. Maximum accelerations of 3-g axial and 1-g lateral were applied for
this design. Nozzle mass is 8,276 and 13,142 Ib for the 120- and 156-in.-
diameter motors, respectively.
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Misalignment torque results from nonsymmetrical throat ablation, thrust
vector lateral offset, and geometric thrust misalignment. These items .are
dependent on design, and experience with the large Titan III nozzle was used
as a basis for this calculation. Pivot point offset of ±0.15 in., a conserva-
tive variation in throat ablation rates of 10%, and an angularity offset of
0.25° were assumed in determining this torque component.
f-
External aerodynamic torques result from nozzle air loads and are thus
related to the nozzle exterior surface exposure and its relative angle of
attack. The exposure depends on the deflection angle and the relative positions
of the nozzle and aft extension skirts.
The air load effect on the nozzle was estimated by applying Titan III
wind tunnel test data and is calculated for the time of maximum dynamic pres-
sure (velocity of approximately Mach 1.5). A 20° half angle nozzle has been
selected for the 156-in.-diameter SRM to reduce nozzle length and minimize the
resultant airloads. Shuttle vehicle wind tunnel data will be required for the
final determination of these loads.
Internal aerodynamic loads resulting from rotating the nozzle in relation
to the entering gas streamlines have not been included in the torque summations.
These torques are nonrestoring with a TECHROLL seal and tend to reduce maximum
torque estimates obtained from other sources.
Figure 2-81 is the total torque summation for the 120- and 156-in.-diameter
motors. Two components are shown: the dominant aerodynamic torque and a summa-
tion of all seal/nozzle inertial, damping, and spring torques.
2.4.4.5 Actuators
Linear two-way piston actuators are chosen for this application due to
the high force requirements and long stroke necessary to deflect the nozzle
at the magnitudes and rates desired. The placement of the actuators is deter-
mined by considering available envelope and structural loads as well as attempt-
ing to maximize moment arm and minimize stroke. Additionally, the actuator
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2-146
fixed ends are positioned at the plane of the nozzle pivot point to reduce
cross-coupling action between orthoganol actuation planes. Symmetric stroke
from null is also position dependent, and the selected placement provides this.
Each actuator is a subsystem incorporating integral servocontrol valves
and position fe_edback units for both closed-loop control and as a telemetry
data source. The units are patterned on those used for the Saturn program and
feature redundant feedback and a majority voting scheme in each servovalve.
The actuators are mounted through spherical bearing rod ends at structural
pads on the nozzle shell and the aft closure. Two independent units, mounted
90° apart, are used on each motor, providing the required deflection capability
at any orientation.
Pertinent actuator parameters are listed in table 2-XVI for the system
meeting the stated performance requirements. Figure 2-82 shows the required
actuator area and force values for various performance regimes for the selected
motor configuration. This figure assumes a regulated pressure source.
TABLE 2-XVI
HYDRAULIC ACTUATOR CHARACTERISTICS
Characteristic 120-In.-Diameter SRM 156-In. -Diameter. SRM
Operating pressure, psi 3,000 3,000
Return pressure, psi 60 60
Piston area, in.2 26.2 27.6
Piston stroke, in. ±7.5 ±10,7
Maximum piston rate, in./sec 3.4 4.85
Force output, Ib 73,500 77,500
Fluid MIL-H-5606 or MIL-H-6083
Weight (estimated), Ib 250 250
-L-ength-(nul-l-)—im 45 ._ 6.4
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An alternate actuator which will be considered is a pneumatic powered
ball screw unit being developed by Aeronutronic Division of Philco-Ford. The
concept has been demonstrated under a contract with AFRPL. Figure 2-83 shows
the typical configuration of this actuator for the shuttle motor.
The device operates directly from the output of a solid propellant gas
generator of the type currently used on Minuteman and Poseidon. Flow from the
gas generator is directed through a warm gas valve and apportioned between
opposing sets of turbine nozzles. Pulse duration modulation is used wherein
the gas flow cycles from one side to the other at a fixed frequency with a
basic square wave pattern. A net command is achieved by increasing the time
duration of one side and decreasing the on-time of the opposite side, while
maintaining the square wave frequency. The flow is directed through nozzles
onto axial impulse turbines mounted on a common shaft to produce clockwise
torque on one wheel and counterclockwise torque on the other.
Turbine torque is transmitted through a single-stage gear reducer to a
ball screw/jack assembly where additional speed reduction and the conversion
from rotary motion to linear motion are accomplished. The combination of the
gear reducer and the ball screw provide a high-speed reduction ratio with
minimum inertia and minimum packaging size.
The total actuation system weight is estimated to be 500 Ib for either
system.
2.4.4.6 Hydraulic Supply Systems
2.4.4.6.1 Hydraulic Power Requirements
Hydraulic power requirements depend on the desired rate and magnitude of
deflection and the imposed duty cycle. Steady-state flow is defined by the
'>
vernier portion of the duty cycle and servovalve leakage. Transient flow
results from vehicle attitude maneuvers and in recharging expended accumulators.
Accumulator capacity is determined from expected duration, frequency of
transient demands, and pressure fluctuations. It is desirable to minimize
2-149
Figure 2-83. Pneumatic Ball Screw Actuator
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accumulator volume in the interest of envelope and discharge performance, and
its sizing is a tradeoff with the basic pump capacity. For this design effort,
the 5.4 sec duration roll manuever of the selected duty cycle was the sizing
basis. Pump combinations were selected to limit accumulator active oil volume
to approximately 1 gal.
Two sources of hydraulic power were candidates in this design effort.
The first is a regulated pressure system hydraulic pump, and the second is a
variable pressure system with a blowdown gas pressure supply.
2.4.4.6.2 Regulated Hydraulic Supply Systems
The regulated pressure source includes a positive variable-displacement
hydraulic pump in a package with a reservoir, accumulator, pressure regulator,
and associated valves, filters, lines, and fittings. The pump can be coupled
to either a dc electric motor or a solid propellant gas generator driven
turbine.
The dc motor/pump unit is basically a low power unit due mainly to motor
limitations. Short-duration demands exceeding pump capacity are accommodated
with accumulators. Flow capability is increased by coupling units in parallel
depending on the expected duty cycle and combination of pumps and accumulators.
Checkout is conducted with ground power, and its duration is limited by hydraulic
oil temperature in the closed system.
As a comparative base, a unit is defined as a single pump with peripheral
subcomponents, dc motor, and battery combination. One unit produces approxi-
mately 6 hp, and its weight is estimated at 180 Ib.
The other regulated pressure unit is similar, except that the motor and
battery is replaced by a turbine, gear box, and solid propellant gas generator.
A typical system of this configuration was developed for the Spartan and NIKE-
ZEUS missile programs.
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The gas generator is sized to provide the required power for the*desired
duration, and the combustion gas is directed from the chamber through'a'burning
rate control valve to the turbine housing. The burning rate control? valve! is
a variable area valve which regulates the burning rate of the propellant' by
adjusting chamber pressure. If chamber pressure exceeds a reference, the
valve opens reducing combustion pressure and consequently the gas generator
mass flow rate. This control maintains a constant chamber pressure and mass
flow rate. The gas energy is converted by an impulse turbine which is coupled
to a fixed displacement pump through a gear reduction train. •
Operation of the turbine/pump is determined by the torque balance between
available turbine output and pump input. A change in hydraulic load destroys
the torque balance, and the pump speed adjusts accordingly.
The duration of operation depends on the size of the gas generator; nomi-
nally, the size is chosen to equal flight time plus 6 to 10 sec to allow pre-
launch checkout and accumulator charging.
Preflight checkout of the nozzle actuation system is accomplished by
energizing the turbine with ground supplied gaseous nitrogen.
A single unit package produces, typically, 44 hp and weighs approximately
150 Ib.
2.4.4.6.3 Blowdown Hydraulic Supply System
A blowdown system uses a pressurized reservoir with the available supply
pressure being a function of duty cycle history. The quantity of fluid loaded
must be based on estimated duty demands, leakage, and prelaunch checkout
sequences. The expended hydraulic oil would be deposited in an unpressurized
collection bottle. Transient flow requirements are limited only by hydraulic
flow losses in the connecting lines and fittings. The variable supply pressure
results in a variable system gain and stability which may require electronic
compensation.
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A limited checkout capability exists with this system, and a supplementary
ground supply may be required.
A basic unit is defined as a supply tank pressurized with G^ at 3,500 psia
and allowed to decay to 2,500 psia for the duty cycle derived in subsection 2.4.4.3,
This source weighs approximately 3,000 _lb. _ The torque_capability__at 2,500 ps^
meets the system requirements. Therefore, an excess capacity exists for the
entire flight time. Optimization at requirements over flight time could improve
the blowdown system tradeoff factors.
N
2.4.4.6.4 Supply System Tradeoffs
Figures 2-84 and 2-85 are parametric comparisons for combinations of maxi-
mum deflection capability at various slew rates with a regulated pressure
hydraulic source. The requirements line for a blowdown source is given as
reference on these figures.
The system presented has been designed for the specific performance point;
however, the figures can be used as a guide for intermediate performance objec-
tives by superimposing the operating bounds of the candidate power supplies on
these curves.
A unit of a battery/motor/pump with a small accumulator can accommodate
 r
5 gpm; a single turbine/pump unit without an accumulator can supply 25 gpm.
A blowdown source does not have flow limit restrictions. However, for the
duty cycle selected, a bottle with 70 gal. of active oil transforms to an
equivalent maximum (11° at 5°/sec) of approximately 50 gpm.
When a blowdown system is used as a power source, the power capability
also depends on the deflection desired and its rate; however, the capacity
becomes duty cycle dependent. The duty cycle established in subsection 2.4.4.3
is approximately a 30% duty cycle (i.e., 100% equals 5°/sec for 120 sec in both
quadrants). Figure 2-86 shows the hydraulic volume requirements for a 5°/sec
slew rate system at other duty cycle percentages. For this figure the fluid
capacity has been calculated as the volume necessary to complete the basic duty
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'Cycle plujs 25% additional for servovalve leakage and prelaunch checkout. The
design .basis is for ,a specific performance system, and this figure is a guide
for intermediate .operation requirements design.
Table 2-XVII .gives a comparison of the three versions of hydraulic supply
for ,the .sytS(t,em_ meeting ,the requirements' of 11° deflection at 5°/sec with an
;a.c.ce.l.e ration
 4of 2 irad/.sec/.se.c and the defined duty cycle. The turbine/pump
regulated pr.es.sur.e .system has b.een selected, and is considered advantageous
primaril-y •b1_ecaus4.e of its high power-tp-weight and power -tp-volume ratios.
iQne .sju.pply ,unijt with an accumulator will satisfy the flow requirements
of the 120-in.-^diame£,er motor system. A reliability assessment will be con-
.ducted; if jpar.all.el units ..are dictated, a sufficient .envelope exists to accom-
modate that (Configuration. Two supply units (see drawing C09031) are paralleled
for the 156- in. -diameter system to reduce accumulator volume and its recharge
time. The ..second .unit is, in effect, a redundant supply because it is only
required .during transient deflection demands and is isolated with check valves.
Again, an .addi-tiqnal unit .could be implemented within .the s.ki.rt area if relia-
bility goals rsequir;e this.
As des,C;rib,ed .previously, ,each unit is
 (ppwer,ed by a solid propellant gas
generator ;siz.ed for flight duration plus an additional burn period to allow
initiation, accumulator charging, and system checkout before launch. All
other sys;tem checkquts .are conducted with a ground G^ source directly coupled
to the it
•The .supply ".und-jt .and .all .other system components are attached to the exten-
sion jS.kirst ftp Deduce nozzle loading and inertia and to take advantage of the
lower .v^ ihratjipn jenyironment. Hydraulic .coupling is through integral manifolding
in i.the
 ;ppwer supply and combinations of tubing and flexible 'hydraulic hose.
Launch ;ho.lds following initiation of the gas generators will require
replacement .of
 vthe -propellant unit only (within the life limitations of the
remaining components). In the case of parallel supplies, initiation could be
sequenced reducing the refurbishment hardware resulting from a hold.
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TABLE 2-XVII
POWER SOURCE COMPARISON
Battery/
Motor /Pump
Parameter
Pressure, psi
Maximum flow, gpm
Steady flow, gpm
Maximum horsepower
Steady horsepower
Horsepower /unit
Number of units
selected
Weight/unit, Ib
Accumulator, gal.
Maximum accumulator
120 in.
3,000
33
14
58
25
6.1
6
180
1.08
9.2
156 in.
3,000
50
20.9
87
36.4
6.1
10
180
1.35
5.8
Turbine/ Pump
120 in.
3 , 000
33
14
58
25
44
1
150
0.72
3.9
156 in.
3,000
50
20.9
87
36.4
44
2
150
—
—
Bl owd own
120 in.
3,500/2,500
49 .
21
100/72
37
100/72
1
3,000
—
—
156 in.
3,500/2,500
70
29.2
142/102
51
142/102
1
4,200
—
—
recycle time, sec
Total source
weight, Ib (with
oil, tubing, etc.)
1,360 2,100 430 580 3,300 4,500
Checkout Ground power
Cost
Number of components
'Duty cycle
dependency
Envelope
Gain
Reliability potential
Single units
Multiple units
High
High
Low
Low
Constant
Medium
High
Cold gas
High
High
Low
Low
Constant
Medium
High
Auxiliary sup
Low
Low
High
High
Variable
High
High
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The power supply chosen is based on specific. performance requirements.
Other requirements would require reevaluation and may show one of the other
candidates as the optimum choice.
2.4.4.7 Reliability Analysis .
The movable nozzle TVG system consists of four .major components,: (1) the
TECHROLL seal element, (2) the servoactuators, (3) the hydraulic power unit,
and (4) the electrical control system. The reliability analysis was limited
to a qualitative review because the system performance and quantitative relia-
bility requirements are presently undefined.
The TECHROLL seal is a relatively new development of UTC which has been
satisfactorily tested for several applications on motors up to 60 in. in
diameter. Based upon the present test data from small seals and the design
presented in this proposal, the TECHROLL seal is expected to demonstrate a
reliability greater than that of the various flexible seal concepts presently
being utilized in production applications. ,
The servoactuators are modified versions of those developed for .the
Saturn V vehicle. The primary modifications which have been made are the
increase in stroke length and the incorporation of a triple-redundant majority-
voting servovalve. This TVC system utilizes two servoactuators, one each in
the pitch and yaw planes. The primary .failure modes of a servoactuator are
failure of the servovalve to correct hydraulic oil flow, (change or maintain
actuator position) and failure of the actuator to respond to command. Past
History on other systems show the servovalve to be the most unreliable element
of this component. Based upon this history, redundancy is provided by using
the majority voting technique. This valve is a three-stage hydraulic amplifier
with three parallel majority-voting first-stage channels. Majority voting is
based on agreement of at least two of the channels, before responding to a given
command. This eliminates the possibility of a system failure because of a single
channel's spurious signal. The probability of second or third stage failure
caused by spool jamming from particle contamination or manufacturing burrs .is
y oversize piston areas and high applied forces in addition to the
2-159
improved filtration techniques. The combination of these items will signifi-
cantly improve the reliability of this component. -•• ••
The hydraulic power unit is essentially the same as the one designed and
developed for the Spartan program. The unit consists of an SPGG with dual
igniter squibs, gas turbine, burning rate control valve, gear box, fixed dis-
placement pump, check valve, filter, accumulator, low-pressure reservoir, and
pressure regulating and relief valve. The present concept is to use one unit
on the 120-in.-diameter motor and two units in parallel on the 156-in.-diameter
motor. Room is available to provide an additional unit on both motors, if the
duty cycle and/or numerical reliability requirements make this desirable.
Partial redundancy is provided in the case of the 156-in.-diameter motor, but
knowledge as to the extent of this redundancy requires definition of the duty
cycle.
The electrical power and controls of this TVC system will utilize a solid-
state power transfer switch, combined with the battery presently used on the
Titan motors. This combination would be utilized in redundant pairs in this
application to increase the reliability. The design precludes the existence
of power system failure at launch, except for countdown failures. The position
feedback portion of the electrical system will utilize three potentiometers
which are designed so that they can be majority voted with identical commands
going to each of the three (per unit) first stage channels of the servovalve.
This design approach results in a considerable reliability increase over the
less costly one potentiometer to one channel approach. Both of these items
will require further evaluation when appropriate tradeoff criteria are estab-
lished (i.e., performance duty cycle refined and numerical reliability goal
or requirement defined along with the cost and reliability tradeoff criteria).
2.4.5 SRM Ignition and Thrust Termination
2.4.5.1 Ignition System
The forward-mounted RP-2 ignition system (figure 2-87) qualified in the
Titan III-C and Titan HID SRMs and used for the UA 1207 SRM is classed as a
pyrogen or rocket type. The system currently comprises two major assemblies:
the S/A and igniter assembly. A similar design with increased flow rate is
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Figure 2-87. Igniter Components and Interfaces
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proposed for the 156-in.-diameter SRM. The S/A houses BKN03 ignition pellets
which are initiated by squibs internal to the S/A. An adapter^.tb incorporate
TBIs in lieu of the S/A squibs will be used in place of the S/A. The TBIs
are initiated by a CDF or shielded mild detonating cord which, in turn, receive
their firing impulse through.an EBW system. The pyrotechnic interface between
the ignition pellets and igniter would not change. Ignition transient predic-
tions for the four baseline SRMs are presented in subsection 4.1.3.
A. Igniter Description ,
The igniter assembly consists of an igniter motor and a primary initiator
motor. The igniter motor consists of an internal burning," cartridge-cast
propellant grain housed in a steel pressure vessel. The igniter case and
closure are mated by a threaded joint. A crush 0-ring seal in this area
provides a gas seal during igniter functioning. The igniter closure pro-
vides a mounting flange for assembly to the SRM. The closure also incorpo-
rates attachment provisions for the TBI adapter which replaces the present
S/A. Three integral nozzles, canted at 30° from the longitudinal axis,
are provided to direct the igniter exhaust products to the motor propellant
grain surface. Insulation, both external and internal, is,provided to
ensure igniter structural integrity during the burning duration of the SRM.
The initiator is a smaller version of the igniter motor also consisting of
a cartridge-cast propellant grain inserted in an externally insulated
steel case. A molded phenolic insert internally bonded to the aft end
incorporates three integral nozzles to direct the initiator grain exhaust
products to the igniter propellant. The insert also acts to insulate the
initiator case during the SRM operation. The initiator, like the igniter
case, is threaded into the igniter closure.
UTP-1095 propellant is used in both the initiator and igniter motors and
consists of PBAN fuel binder with AP as the oxidizer. A liner, designated
as AL-122-2C, is used for cartridge bonding and is made from PBAN material.
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B. Igniter Sizing
Prppeilaht ignition research programs conducted at UTC have provided signi-
ficant progress toward defining propellaht response to a variety of induced
environments. These studies have shown that the propellant chemical response
and the propellant ignition delay depend on several factors; including
delivered flux; propellant composition, grain .surface .conditions, ambient
pressure^ arid temperature. From arc image furnace tests using candidate
pr-opeiiant samples and accurately controlling flux, the data can be repre-
sented by ignitability curves relating flux and ignition times
Ignition of large-diameter motors was expressly investigated on Air Force
Contract- AF 04(611)-7559 (Investigation of Ignition Systems for Very Large
Solid Propellant Boosters) where it was shown that the most dominant vari-
able" was the grain port diameter. Data were derived that related the
grain port diameters and igniter flow rate as a function of ignition time
arid ambient pressure. This method of ignition sizing was used in the
Titan III igniter design with excellent correlation.
Sizing of ignition pellets is obtained from an empirical equation developed
by the Naval Ordnance Laboratory, White Oak, Maryland, from analysis of
operational missiles using pellet igniters. The equation is as follows:
1.06
where
w = pellet weight, gms
Q = heat energy required for ignition, cal
AH = heat of combustion of ignition material, cal/gm
f\
Ag = surface area, cm^ .
o
q = ignition energy, cal/cm
L = grain length, cm
e\
A = port area, cm.
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C. Ground-Mounted Ignition System - • . •'•
A ground-mounted ignition system provides certain advantages bver.-.a
forward-mounted system. The most important advantages; are,:
 :
1. Simplification of motor forward closure by elimination of
igniter attachment boss and higher motor mass fraction
2. Elimination of primary gas seal between igniter and motor
' . • j ' - - -.•
3. No ignition overpressure with proper igniter positioning,.allow-
ing higher and more conservative igniter mass.flows
4. Potential to design for simultaneous ignition of several motors
from a single source, thereby eliminating the possibility of
single motor ignition failure.
Some of the disadvantages of the pad-mounted ignition include:
1. Slightly longer ignition delays
2. Location with respect to nozzle throat critical seal and insert
3. Impact on motor nozzle design.
A typical pad-mounted ignition system consists of an igniter mounted on
the launch pad directly below the motor to be ignited. A single centerline-
oriented nozzle directs the hot igniter gases into the motor chamber. A
fully expanded exit cone is required to provide maximum exhaust gas velocity
to ensure maximum penetration into the motor port.
The igniter employs the same basic ignition train as the forward igniter,
i.e., S/A or EBW, pellet booster charge, initiator motor, and igniter.
Methods of attaining simultaneous ignition from a single source would
include a ducted multiport pyrogen igniter, a-manifolded hypergolic
liquid igniter, and laser ignition with sensitive materials on the pro-
pellant surface. The ducted pyrogen igniter would require development of
the heavyweight manifold assembly to distribute the hot ignition gases.
The hypergolic liquid ignition has been demonstrated by UTC as a viable
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technique and seems to offer the most straight-forward approach. The
laser ignition system has also been demonstrated by UTC. This technique
is dependent on use of sensitive materials and reflection mirror alignment,
2.4.5.2 Thrust Termination
The XT.system for the UA 1207 SRM is essentially identical to that quali-
fied for the Titan III-C SRM (figure 2-8) . The only potential change would be
a port opening diameter. The 156-in.-diameter SRM design would utilize the
same concept with an increase in size.
The current TT system comprises two major'assemblies: an electromechanical
S/A device and an ETA. The S/A provides the initial explosive stimulus to
activate the ETA, but could easily be replaced with an EBW system without com-
promising the explosive initiation characteristics.
A. Component Description
The ETA is built up from two major components: an explosive transfer
harness and an LSC. The explosive transfer harness is fabricated fr-oin
explosive cord with a loading density of 20 g/ft. Receptor and donor
charges are provided at the ends to receive a detonation stimulus from
detonators housed in the S/A or EBW module and provide detonation energy
to initiate the LSC. The LSC is loaded to a density of 300 grains/ft.
The material used in the transfer harness and LSC consists of RDX Class A
explosive. The system is completely redundant, employing two complete
a n d separate explosive trains. . . .
The TT system is designed to terminate or reduce, the forward thrust of the
UA 1207 or 156-in.-diameter SRM by opening two ports .in the forward clo-
sure of the motor. These ports are sized to generate a reverse thrust
which will essentially cancel the forward thrust.of the SRM. The TT
openings are symmetrically located on .the hemispherical portion of the
forward closure so that side loads are cancelled and ejecta are directed
away from the orbiter vehicle.
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To improve the efficiency of the system, the motor gases are expanded
through a stack exit cone, and supersonic flow is achieved. The s-tack
and TT nozzle incorporated into the forward closure are sized to achieve
a 10-sec TT life to allow orbiter escape. This time can be adjusted as
required following detailed abort studies. The ports in the forward
closure are formed by explosive jet cutting circular holes directly into
the forward closures. The area around the holes are built up to provide
an attachment for the stacks and maintain structural integrity during the
TT operation.
B. Thrust Termination Transients
UTC developed techniques of predicting TT transients during the UA 1205
and UA 1207 development programs. These techniques are described here
with thrust transient data for the UA 1207. Thrust transient data were
not prepared for the 156-in.-diameter designs due to some uncertainty in
precise requirements and the excessive labor and computer costs to develop
them. The UA 1207 TT transient data relate to the standard design. The
nozzle throat sizes selected for the S6-120 and P4-120 designs will affect
the equilibrium level achieved. Figures 2-88 through 2-95 present throat
transient data for the UA 1207 with actuation of the system of varying
times from motor ignition.
These forces are the net result of the transient gas dynamic loads pre-
dicted to act within the motor TT. They are used as dynamic forcing
functions to predict vehicle dynamic response and loadings for the TT
conditions. Additionally, the equilibrium thrust values reached following
the early TT blowdown process are used in vehicle trajectory analysis for
emergency abort conditions. The net thrust has been derived at UTC using
analysis methods based on (1) the nonsteady gas dynamic wave solution with
isentropic mass addition and propellant grain assumed rigid, and (2) quasi-
steady solution with isometrical mass addition.
The analysis methods used to predict these transient gas dynamic forces
were developed and corroborated under 624A development program. Confirma-
tion of the applicability of the prediction methods were obtained from
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instrumented subscale hot firing tests, a full-scale 120-iri.-diameter
2-segmerit thrust termination test, and a full-scale 5-segment 120-in.-
diameter thrust termination test. These methods are directly applicable
to the 120-irii-diameter and 156-in.-diameter shuttle booster motors.
G; Alternate TT Techniques
Several alternate methods can be utilized to reduce or terminate the
forward thtust of an SRM. These include (1) sector release, (2) explosive
bolt/nut:j (3) mechanical release, (4) liquid injection, arid (5) aft end
thrust reduction.
1.* Sector Release
Sector release involves use of frangible sectors which initially act
as compression members in a segmented ring used to retain a port cover.
Orif initiation, the sectors are disintegrated and the ring collapses
inward' until free of a restraining groove. Once free, the port cover
is thrust ejected by motor chamber force. This des'igri concept was
used in the early Polaris motors.
2; Explosive Bolt/Nut
The simplest form of this approach involves use of a Marman clamp which
is held together by an explosive bolt or nut. On initiation, the bolt
of nut is released and the clamping action destroyed. This involves
the use of separate port covers as in the sector release design.
3v Meeh'ariical Release
In tn;is method, individual port covers are restrained by a compression
m'ember acting against the pressure force from the motor. When this
restfa'int is released by either explosive or other means,' the port
cover is released.
4v Liquid Injection
This' approach involves use of a cooling liquid, such as water, to
extinguish- the motor. This concept is being investigated in other
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programs, but cannot be considered as state of the art. "Approximately
3,000 to 8,000 Ib of water would be required'to extinguish a UA 1207.
Unfortunately, the intersegment slots provide shielding of burning
surfaces and the motor will reignite in 50 msec. -, • •
With the exception of liquid injection, which is rejected due t'o
limited development, separate port covers are required for these
alternates. This differs from the primary LSC method which severs
an integral membrane in the forward closure. However, use of separate
port covers was used and qualified for the Titan III-C SRM.
5. Aft End Thrust Reduction
In analyzing the advantages of TT location, it.is apparent that, based
on equal porting areas, the forward TT system results in the greater
thrust reversal. However, an aft-mounted TT system does offer some
significant advantages and is worthy of consideration. Some of the
more obvious advantages include a simplified motor forward closure
and, in the series burn configuration, the ejecta emanating during
TT is farther from the orbiter vehicle.
In analyzing various nozzle and aft closure blowoff techniques, high
thrust impulse loads up to 170% of thrust occur at TT with limited
(about 50%) thrust reductions. A side-mounted system was investigated
to surmount the drawbacks of other systems.
The aft end design approach was predicated on reducing the forward
thrust by reducing the SKM chamber pressure. Consideration was given
to opening two holes in the last segment of the UA 1207 SRM (fig-
ure 2-96). A short cylindrical TT segment containing minimum propellant
also could be used. A typical porting design consists of an LSC to
provide the cutting force. A similar concept of opening ports with
LSC was qualified for the Titan 120-in.-diamter SRM and represents
a state-of-the-art design. An elliptical opening is preferred over
a circular port to restrict the debris in a tighter radial pattern
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and avoid impingement on the orbiter vehicle. The alternate methods
'using iseparate port covers ,_ar,e applicable £0 the .side Amounted -design.
Two LSGs ar.e us:ed to cut the port opening with increased reliability
ithr,.ough redundancy. The LSCs are integrally molded in an RTV compound,
including ,an LSC standoff to optimize cutting efficiency as part of the
molded .assembly. A thin plastic sheet is placed around the RTV to
.provide structural -rigidity and prevent damage during installation.
Phenolic clamps, -periodically spaced around the LSC .assembly, firmly
ihold fche LSCs in position on the motor case. A short stub stack is
provided to channel the ejecta created during the LSC a.ction to pre-
vent impingement -on the orbiter vehicle. The stub stacks could be
c.antved to pbtain a reverse thrust component with a small penalty in
drag Loss.
A shield or cover over the stacks contains the products emanating
..during LSG function and provide a cleaner aerodynamic surface.
A
 ACDF or SMDC routed through an ordnance or instrumentation raceway
w.ould initiate the LSC. The CDF or SMDC would be initiated from an
S/A -or EBW device.
In the LSC .cutting sequence, the insulation under the cut area is
partially s.evered and then ejected by motor- chamber pr.ess.ure. A TT
nozzle assembly, similar to that described for the forward TT design,
then 'Controls the mass flow from the motor for a period of 10 sec.
2.4.6 Attachment Structure Designj
The design approach of the attachment and related structure differs from
the design approach of the basic rocket motor due to the variety of load condi-
tions, their inherent multidirectional applications, and the necessity for
distributing these loads to the motor case over a suitable area.
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Functionally, the structure (1) reduces vehicle aerodynamic drag, (2) sup-
ports the entire vehicle on the launch pad, (3) provides a protective environ-
ment and mounting structure for power, controls, ordnance, instrumentation,
and functional components, and (4) maintains orientation of the motor with
other motors in clustered configuration and with core vehicles in strap-on
configurations. In addition, the structure provides the required load distri-
bution to maintain the integrity of the pressurized motor case. It also pro-
vides for attachment to other motors or vehicles and allows for axial growth
differentials without damage to either the motor or its associated components.
Staging or separation motors are housed in the structure which also reacts
their loads. For vehicle configurations with planned recovery, the structure
provides the required attachment location and recovery system storage space.
The Titan program has conclusively substantiated the design philosophy
used for hardware configured to provide for the majority of these functions.
The preliminary design of structure for the shuttle application is basically
identical to that successfully being utilized on the Titan program.
2.4.6.1 Loads Assumptions
A. Types of Applied Loads
Ground loads result from the static weight of the vehicle, wind, and loads
imposed during transfer from an assembly area to the launch site. Wind
causes static loads in the form of shears and bending moments and dynamic
loads resulting from Von Karman vortex shedding. Preliminary studies
indicate that substantial savings in vehicle structural weight can be
realized, if the launch facility provides lateral restraint for the
vehicle near its forward end. Wind loads and parallel burn engine tran-
sients can apply crippling loads to the ground support structure without
such aid.
Flight loads result from motor thrust and resist weight and inertia of
all parts of the vehicle. Aerodynamic lift and drag, thrust vector con-
trol operation, and thrust termination and staging may be static or
dynamic and may include vibration.
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B; Effects of External Loads oh Structure
The abbve-'g?ouhd and flight loads subject the vehicle structural components
to various combinations of axial load, transverse or tbrsiorial shear,
bending moment, panel pressure^ arid vibration.
G. Status of Applied Loads Knowledge
For preliminary design purposes, there are some data available on thrust
arid weight at: launch, end of web action time and burnout, nozzle deflec-
tion for the configurations employing TEOHROLL seal nozzles, and thrust
termination and staging loads; The effects of ground wind, ground trans-
fer loads $ maximum aerodynamic pressure, values of the aerodynamic coeffi-
cients,- and vibration environments have not been included.
D. Philosophy for the Preliminary Design of Vehicle Structural Components
Based on Available Knowledge
The structures are designed conceptually to react all of the applied loads
in an efficient manner and to distribute loads to. mating components. When
loads information is available, the structural members are sized. When
loads information is unavailable, a tentative structure is designed based
largely on Titan experience. When the missing loads information becomes
available,* this structure will be sized to suit the loads but will remain
conceptually unchanged.
Principle load effects establishing structure sizing have been included
through known data.- Ground loads are defined by vehicle weight and
geometry. Ma-jor flight loads ara obtained from known maximum bending
moments and maximum accelerations.
2.4.6.2 Parallel Configurations
For parallel burn configurations using either the" 156- or 120-in.-diameter
SRHs, the at-tachmerit arid related structure comprises the following major
components'.
A. AerodyfTamic Fairing at the Forward End of Each SRM
The nose' fairing (figures 2-97 and 2-98) is a frustrum of a right circular
cone with a base diameter equal to that of the motor case. The conical
CO
l-l
0)
4-1
<U
S
cfl
•HoI
c
M
I
vOin
PQ
<U
CD
PM
l-l
O
c
o
o
0)
to
<u
0)
o
I
CM
0)
t-i
2-182
CO
<u
4-1
<U
Q
I
C
M
I
O
CM
G
PP
t^ -i
<u
1-1
O
O
•r-l
4-1
o
0)
CO
(U
CO
o
oo
0)
M
00
•H
2-183
o
section is terminated by a spherical cap which is removable to provide
access to the interior.
The fairing is a semimonocoque structure of aluminum skins stiffened with
longitudinal members which are, in turn, stabilized by ring frames. The
nose fairing also provides the necessary structure to support the electri-
cal systems and cable interconnections described in subsection 2.4.7.
In addition to its aerodynamic function, the fairing also houses the
staging rocket motors which provide the lateral thrust at the forward
end of the SRM required to separate the SRM from the orbiter after SRM
\ :
burnout.
B. Thrust Transmission Structure
The nose fairing attaches to a thrust transmission structure (figures 2-99
and 2-100) which is mounted on the forward closure of the SRM. This struc-
ture is designed to transmit the SRM thrust to the orbiter tank and distri-
bute the .resulting loads from the orbiter weight and inertia to. the forward
closure of the SRM.
The structure is a longitudinally stiffened cylinder of aluminum skins,
stringers, and ring frames. Two forged aluminum fittings are mounted on
the outside diameter to provide a structural tie to the orbiter tank.
Thrust termination openings are provided in this structure. The openings
are oriented to provide maximum clearance between the thrust termination
port covers and the orbiter. Thrust termination ports are located 180°
apart on the forward closure of each SRM. The 180° orientation of the
ports result in a force balance during thrust termination so that no addi-
tional loads are transmitted to the orbiter tank. This feature also would
allow subsequent jettison of the SRMs for orbiter abort-orbit functions.
C. Support Skirts
The vehicle support skirts (figures 2-101,and 2-102) are attached to the
aft closure of each SRM. The primary function of these skirts is to
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B. Thrust Transmission Structure
The thrust transmission structure (figures 2-105 and 2-106)' is similar
to that used on the parallel configuration and serves the same function
of distributing the load to the SRM motor case. The series structure is
reduced in length for the parallel series, as there are no eccentric
thrust loads to be distributed. The thrust termination openings are
relocated to 90° for the 120-in.-diameter SRM.
C. Thrust Termination Reaction'Struts
The cluster configuration of the six 120-in.-diameter SRMs dictates that
the thrust termination ports be spaced 90° apart on the SRM forward clo-
sures, rather than the 180° apart as on the other configurations. This
is necessary to assure that the thrust termination port covers will not
strike the orbiter if they are jettisoned. However, the 90 orientation
of the ports results in a net lateral reaction on each SRM. The orienta-
tion of these lateral forces in the cluster of six SRMs is self-equilibrating
if the SRMs are allowed to push laterally on each other. The thrust ter-
mination reaction struts are provided for this function.
Inasmuch as the loads are compression loads only, a ball and socket joint
can be used at one end of each strut (figure 2-4). This arrangement will
provide a compression load path but will allow the ball to slip out of
the socket during staging when it is necessary to separate the SRMs from
each other to facilitate recovery.
It is possible to design the thrust transmission structures to transmit
these loads but the strut arrangement used here is structurally more
efficient.
D. Support Skirts
Ground support skirt requirements and design for the series burn configu-
rations are the same as for the parallel burn design (figure 2-101 and
2-102). A simplified aft skirt, (figure 2-107) is introduced for the
center motors of the 120-in.-diameter motor design. This skirt supplies
temporary support during SRM assembly and is used to locate lateral ties
to the other SRMs. No ground support longerons are included since assem-
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bled vehicle support is provided by the outer SRMs. This simplification
of loading conditions allows for the simplified, lower cost design (fig-
ure 2-104A).
E. Aft Connecting Struts
The aft connecting struts (figures 2-3 through 2-6) are designed to react
tension or compression loads only. These struts are pinned at each end
and use spherical bearings to prevent introduction of bending moments and
shear forces. Each SRM is connected to each adjacent SKM at the aft end
with a single strut.
The function of the aft connecting struts is to maintain proper lateral
separation between the SRMs at the aft end, while permitting them to move
axially relative to each other. Relative axial movement is necessary to
accommodate differential growth between SRMs resulting from pressure
transients.
During staging, the struts are disengaged by firing explosive bolts.
2.4.6.4 Booster Separation
The booster separation system selected depends on the vehicle configuration.
For the parallel burn arrangement, a lateral impulse is applied at the
forward and aft ends of each SRM after SRM burnout. The impulse is supplied by
small-diameter solid propellant rockets located in the nose cone and aft skirt.
The number of rockets required is a function of the redundancy necessary to
achieve the desired reliability, and the size of the rockets is dependent on
variables such as predicted wind loads, motor weights, desired rate, of depart-
ure, SRM abort jettison requirements, etc. The detail selection will be accom-
plished based on final vehicle configuration. The release of the structural
connection between the SRM and the orbiter tank is accomplished with captive
pyrotechnic devices.
For the series burn configurations, the separation is accomplished by a
captive pyrotechnic device incorporated in the interstage adapter. The device
consists of a symmetrical frangible joint (see detail B on figure 2-104) which,
in turn, contains two 0.9-grain MDF cords. Either cord can provide sufficient
2-200
energy to expand the polymer matrix, round the steel tube, and fracture the
notched aluminum plates on both sides. The second cord is incorporated- for
redundancy. The device effectively cuts a predicted plane through the inter-
stage and allows the clustered SRMs to separate axially from the orbiter.
2.4.6.5 Structural Factors of Safety
Structural factors of safety are employed to provide separation between
anticipated applied loads and design failure loads until the desired structural
reliability is achieved. For a given reliability, the magnitude of the struc-
tural factor of safety primarily depends on the predictability of the applied
loads.
/ Recommended structural factors of safety are:
Loads Factors of Safety
Airloads and vibration loads 1.4
Loads resulting from thrust 1.25
Ground loads involving personnel safety 1.5
Thrust termination loads 1.1
Selection of this criterion is based on its successful application during the
Titan programs.
The maximum anticipated applied loads, which are called limit loads, are
multiplied by the appropriate structural factors of safety to obtain ultimate
loads. The structure would be designed with sufficient strength to withstand
these ultimate loads. ,
2.4.7 Electrical Systems
Four electrical systems and their interconnection cabling are required
for operation of the SRM booster stage: (1) TVC system, (2) ordnance system,
(3) malfunction detection system, and (4) instrumentation system. The systems
for each of the vehicle configurations under consideration are described in
the following subsections. A functional block diagram for the three 156-in.-
diameter SRM configurations, showing the interrelationship of all four elec-
trical systems, is presented in figure 2-108.
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2.4.7.1 Design Philosophy
The electrical system design philosophy is based on the design philosophy
evolved over the past several years for the Titan III-C and the man-rated
Titan HIM Stage.0 boosters. This general design philosophy has been applied
to the unique requirements of the shuttle booster stage to derive the system
designs presented here. The following detailed design objectives have a signi-
ficant impact on the system designs:
A. High Reliability
Redundancy of system interconnections for critical functions as well as
the circuit redundancy and component failure effect criteria, which is
included in the description of each of the systems, are used to remove the
possibility of a single piece-part failure resulting in a catastrophic
failure of the system. This system configuration philosophy plus the use
of established reliability piece parts with suitable additional screening
will be used to meet the program reliability requirements.
B. Use of One Basic SRM
The design and layout of components required on each motor are identical.
This simplifies the design and manufacture of the motor, as well as its
operation and maintenance.
C. Consolidation of Common Functions
Electrical functions that are common to all SRMs can be consolidated at
one economically advantageous location.
D. Minimization of Interface Functions
The number of electrical signals crossing between the orbiter and the .
booster stage is minimized by consolidating identical signals, multi-
plexing of some instrumentation signals, and consideration of vehicle
system design. In addition to simplifying premate checkout of the orbiter
and booster and fault isolation, this general approach increases -system
reliability by reducing the number of connector pins at the staging inter-
face which could be very large due to the complete redundancy of signals
required at this interface.
E. Minimization of Component Interconnections
The number of signals between system components on the SRM is minimized
by the methods noted in the previous paragraph. System simplification
and increased reliability results from this approach.
2-203
F. Self-Check of Redundant Features .-,-' :• .
Redundant circuits are instrumented to provide an independent=output which
continuously indicates the status of the redundant capability^ This *
approach simplifies checkout by allowing checkout of redundancy., without
artificially disabling redundant circuits and increases reliability by
eliminating the disabling function. •
2.4.7.2 Ordnance Electrical System .
The ordnance electrical systems for all series burn and parallel burn
configurations are presented in figures 2-109 and 2-110, respectively. For all
configurations, the system performs the functions of actuating SRM ignition,
TT, and staging. The basic ordnance actuation mechanism used is the -EBW.
The EBW device is used in preference to the conventional EED for maximum system
safety and to reduce the electrical cabling complexity and weights associated
with remotely actuated EED mechanisms.
The ordnance electrical system for all series burn configurations consists
of two redundant batteries, one ordnance control and distribution unit, two
redundant EBW firing units for stage separation (all located in the interstage
area), and one ISDS, two redundant SRM ignition, and two EBW firing units per
SRM, all located in the forward section of each SRM. The system for all paral-
lel burn configurations consists of two redundant batteries, one ordnance con-
trol, and a distribution and ISDS unit, that combines all the functions of the
separate units in the series configurations and redundant EBW. firing units for
ignition, TT, and staging functions for each SRM.
The batteries in both the series burn and parallel burn configuration
systems provide all power required to operate the firing circuits, arm (i.e.,
charge) all EBW firing units for all ordnance functions, and operate the ISDS
c i r c u i t s . . .
The ordnance control and distribution unit, shown in figure 2-111, contains
the firing circuits for actuating the stage separation EBWs upon command from
the orbiter vehicle. The EBW arm control circuit controls the application of
power to each EBW firing unit in the ordnance system. The circuit is activated
2-204
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Figure 2-109. Ignition, TT, and Staging Ordnance Functional Diagram,
Series Configurations
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by either commands from the orbiter or by ground commands. Each ordnance
function (i.e., ignition, staging, and TT) may be armed by individual commands,
or all armed simultaneously, by a single command. Armed status monitors may
be routed either to the orbiter or to a ground station. The monitor presenta-
tion to the orbiter or ground station may be individual or a composite logic
signal (requiring all units to be armed to obtain the output signal). The
latter would minimize the required wiring, cable and connector size, etc.,
resulting in simplified interfaces. The ordnance control and distribution
unit also functions to distribute power, commands, monitors, and instrumenta-
tion to and from each ISDS on each SKM.
The ISDS, shown in figure 2-112, functions both as a distribution unit
and to actuate TT, either by orbiter command or automatically by detection of
an inadvertent separation of the SRM from the vehicle. Detection is accomplished
by a redundant hot wire and redundant ground wire logic system. These wires
are connected to each ISDS by redundant cabling. The logic circuits in the
ISDS require the loss of all four functions (two hot wires and two ground wires),
indicating either total separation of the SRM by mechanical failure or total
loss of electrical cabling. Loss of all four wires triggers the redundant
firing circuits, which in turn, initiate redundant EBW firing units. TT by
orbiter command (or range safety command) is initiated by the same firing
circuits. The command performs the function of opening the two hot wires and
two ground wires, thus actuating the firing circuits. All circuits operate
from energy storage capacitors that are "trickle" charged from the batteries.
This technique does not require that each SRM have separate batteries to ini-
ate TT in case of inadvertent separation. The ISDS function is disabled by
orbiter command prior to the initiation of SRM staging. , Disabling locks out
the ISDS TT function.
The ordnance electrical system for all parallel burn configurations is
shown in figure 2-111. This system differs from that of the series burn con-
figuration because ±his total system is required on each SRM. The ordnance
control, distribution, and ISDS functions are combined into one unit, and
additional staging functions are added due to the strap-on orientation of
the SRMs. The system consists of redundant batteries, ordnance
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control, distribution, and ISDS unit, redundant EBW firing units for TT, igni-
tion, forward and aft staging rockets, and forward and aft attach structure
explosive mechanisms.- - --
Figure 2-113 presents a functional block diagram of the parallel burn
ordnance.control, distribution, and ISDS unit. The operation of ;this unit is
the same as that discussed for the series configurations. It differs in that
additional circuits are added to the staging function in the form of the sepa-
ration or staging interlock circuit. Its purpose is to initiate the staging
rocket and attach structure EBWs for the case of an inadvertent SRM separation
from the vehicle. This will be accomplished simultaneously with the initiation
of TT by the ISDS firing circuits in conjunction with the interlock circuits.
It could also be a delayed function after TT, if required.- The staging function
is initiated by orbiter vehicle command for normal flight. As discussed under
the series configurations, the ISDS is disabled prior to normal staging- lock-
ing out all ISDS functions. .
The parallel burn configuration circuits, both logic and firing circuits,
differ from those in the series configurations because they are not operated
from "trickle" charged energy storage devices. Each SRM has its own redundant
batteries and therefore does not encounter any condition where the required
power source would be lost. ,;
The SRM ignition function shown in the diagrams for all the configurations
is commanded from a central firing circuit in the orbiter vehicle'or oh the
ground for purposes of simultaneity of ignition. This function could be accom-
plished on the SRMs by placing the central firing circuit in the ordnance
control and distribution unit (for series burn configurations) or the combined
unit (for parallel burn configurations), which would be activated by low-level
commands from the orbiter or from the ground. This would also achieve simul-
taneity and eliminate the need for transmission of high-power commands generated
in the orbiter, or on the ground, and would eliminate long cable runs that may
pick up stray voltages from external sources and inadvertently trigger the
ignition EBW firing units.
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The EBW firing units are the same for all configurations. A block diagram
of a typical firing unit is presented in figure 2-114.
The ordnance systems presented are designed to achieve maximum reliability
and safety. Redundancies in both series burn and parallel burn configurations
are utilized so that no single failure will result in the actuation of any
ordnance function or prevent actuation of any function when required. The
system circuit designs will be similar (if not identical) to flight qualified
designs being flown by UTC today.
2.4.7.3 TVC Electrical System
The TVC electrical systems for the series burn and parallel burn configu-
rations are presented in figures 2-115 and 2-116, respectively. The systems
for all configurations consist of two redundant batteries, two redundant power
transfer switches, a TVC electronic control and distribution unit, and associ-
ated cabling to the umbilical connector, the hydraulic units, and the actuators.
The primary difference between the two configurations is that only one system
is required per vehicle for the series burn cases, whereas one system is
required per SRM for the parallel burn cases. For all cases, components except
the actuators are located on the SRM skirt.
For both series burn and parallel burn configurations, the electronic
control unit receives power from the redundant batteries or ground power,
which is controlled by two redundant switches. The system can be checked out
independently with each power source. A functional block diagram of-the elec-
tronic control unit for the series burn configuration is presented in figure 2-117.
This unit is based on the assumption that the steering commands transmitted to
the SRM stage will consist of pitch, yaw, and roll signals, either bipolar or
unipolar in voltage. The control unit resolves all commands and drives the
particular actuator or actuators to achieve the desired vehicle response. The
output of the command signal resolver is input to cross couplers which perform
the functions of compensating for simultaneous adjacent command functions
(e.g., plus pitch and plus or minus yaw). The cross coupler feeds a function
generator that linearizes the command to side force function. The need for a
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function generator depends on characterization of the actuator/movable nozzle
system. The function generator output is input, through a command limiter,
to the servoloop amplifiers associated with each actuator. Each amplifier
function indicated in figure 2-114 may be of a majority vote configuration
depending on the results of reliability analyses. The amplifier outputs are
fed to the actuator, which contains three servovalves. These servovalves are
majority voted in the actuator itself. The servoamplifier/valve loop is closed
by use of three feedback potentiometers that may also be majority voted via
the servoamplifiers to achieve maximum reliability. No single electrical fail-
ure will result in;loss of TVC control.
The control unit also functions to distribute ground commands and monitors,
hydraulic system ordnance firing commands, hydraulic pressure transducer instru-
mentation, and checkout functions. The control unit for all parallel configura-
tions-is presented in figure 2-118. This unit is functionally identical to the
unit shown in figure 2-117, with the 'exception that there are only two servoloops
to accommodate the two nozzle actuators per SRM.
2.4.7.4 Malfunction Detection System
The purpose of the MDS is to detect SRM failures, such'as case burnthrough
or loss of control, and report them in a timely manner to the orbiter for
initiation of the appropriate abort sequence. In addition, the MDS provides
outputs which describe its operational status.
.The MDS.consists of the transducers which monitor rocket motor parameters,
comparators which.compare.the transducer outputs to preestablished,time-varying
limits and provide outputs when these limits are exceeded, output logic'which
provide the appropriate output based on the inputs from the comparator's and
various self-check circuits, power supplies which provide power to the other
components of the MDS, and self-check circuits which provide outputs related
to the operational status of certain critical system functions.
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The function of the MDS is redundant because it is not utilized unless a
failure occurs on some other SRM system. For this reason, parallel redundancy
is not utilized in this system, although series redundancy is used up to the
output logic function to prevent an inadvertent abort signal being issued
because of a single component failure.
A functional diagram of the general MDS is shown in figure 2-119. Each
SRM has two independent redundant sets of transducers monitoring the critical
motor parameters used to detect motor failures. Each transducer provides an
output to the associated comparator throughout the period of operation of the
solid rocket motor stage. The comparator derives the difference between the
transducer output and a time-varying nominal value which is programmed into
the comparator. The comparator provides one of three discrete outputs depend-
ing on the magnitude, polarity, and time since motor ignition. Each of these
outputs represents one of the following conditions:
A. The measured parameter is within the prescribed limits..
B. The measured parameter is outside the prescribed limits to the extent
and at a time during the mission that a motor failure with long warn-
ing time is occurring.
' ' . _ \
C. The measured parameter is outside the prescribed limits to the extent
and at a time during the mission that a motor failure with short
warning time is occurring.
The output logic provides the EDC outputs based on the inputs received
from the comparators and self-check circuits. These outputs and their signi-
ficance are as follows:
A. MDS Self-Check . . , • ' ' •
Presence of this output indicates that all self-check circuits are indi-
cating proper operation and that the system could detect an emergency
condition if it should occur. Loss of this output indicates nonoperation
of the MDS, and no other output should be expected independent of motor
performance.
2-219
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Figure 2-119. Malfunction Detection System Functional Diagram,
Series Configuration
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B. Unverified Failure
Only one of a pair of redundant transducer/comparator sets indicates the
presence of an emergency condition. This output indicates a failure of
the MDS which could lead to an inadvertent abort signal being generated
should another MDS component failure occur.
C. Slow Failure
A pair of redundant transducer/comparator sets indicates the presence of
an emergency condition and that a motor failure with long warning time
is occurring.
D. Fast Failure
A pair of redundant transducer/comparator sets indicates the presence of
an emergency condition and that a motor failure with short warning time
is occurring.
The MDS enable command input is required for operation of the MDS system.
With no MDS enable command applied, the MDS self-check output is not present,
and no other .MDS outputs are possible. This input is provided in case an MDS
malfunction occurs, and it is desired to disable the MDS system.
2.4.7.5 Instrumentation System
The purpose of the instrumentation system is to provide suitable outputs
to facilitate test and checkout of the SRMs prior to launch and to provide
suitable outputs for evaluation of the performance of the solid rocket motors
during flight. The instrumentation system also provides for checking the
functional status of each of the redundancy features included in the other
SRM systems.
The instrumentation system consists of the transducers; remote signal
conditioners and logic, cables, central signal conditioner; and signal averager/
multiplexer. The configuration of the instrumentation system will be such that
no failure of a single instrumentation component will degrade the flight per-
formance of any other SRM system although the performance of the instrumentation
system may be degraded by such failure.
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A functional diagram of the general instrumentation system is shown in
figure 2-120. Each transducer provides an output which is routed either
directly to the central signal averaging/multiplexing and signal conditioning
function or to a remote signal conditioning and logic function which serves
to interpret the outputs of transducers. This reduces the number of independent
inputs to the central signal averaging/multiplexing and signal conditioning
function. The remote signal conditioning and logic function, which is not
shown in the illustration, is used where two or more transducer outputs are
ultimately to be combined to obtain useful information (e.g., in determining
the status of redundant functions of a system.
The central signal average/multiplexing and signal conditioning function
shown in figure 2-120 serves to combine the .various transducer and remote
logic outputs, either by time multiplexing or signal averaging where possible
to reduce the number of data channels which undergo signal conditioning and
transmission across the interface.
Regulated power is provided to the transducers, remote signal conditioning
and logic, and the signal averaging/multiplexing and signal conditioning func-
tion by the instrumentation power supply.
Transducers of the instrumentation system are located throughout.the stage
at locations where the parameters to be measured are available. The remote
signal conditioning and logic function is provided by circuits.packaged within
various other system components as required to place these circuits near their
input transducers. The central signal averaging/multiplexing and signal condi-
tioning together with the instrumentation power supply are packaged in a
centrally located enclosure. Interconnection of the various parts of the
instrumentation system will be accomplished by cable utilizing the cables and
distribution boxes of the other airborne systems where possible.
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2.4.8 Mass Properties
The mass property data in subsections 2.4.8.1 through 2.4.8.14 have been
calculated for four SKM configurations (figures 2-7 through 2-10). The detailed
mass properties statement and the powered flight mass properties are presented
for a single SKM. The weight summary and the sequenced mass properties data
show total step values.
A component reference diagram (subsection 2.4.8.14) has been included to
show the center of gravity missile station reference.
The forms used to present the data are in accordance with MIL-M-38310A, as
modified for UTC's current Titan contract.
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2.4.8.1 Weight Summary, All Configurations
Component S3-156 S6-120 P2-156 P4-120
Attach structure
Forward
Aft
Separation system
Solid motor (empty)
Case
Forward closure
Segments (total)
Aft closure
Assembly hardware
Insulation
Forward closure
Segments (total)
Aft closure
Igniter and S/A
Thrust termination
Nozzle
Moveable
Fixed
Actuation system
Electrical and instrumentation
Weight empty
Solid propellant
Loaded motor
Interstage structure 25,500 32,800 500 1,000
Stage electrical and instrumentation 905 855 — —
(15,850)
3,250
12,600
—
(120,710)
(85,358)
18,378
58,836
7,744
400
(15,257)
3,342
8,562
3,353
378
2,043
(17,674)
13,631
4,043
1,080
634
138,274
1,080,000
1,218,274
(8,942)
2,116
6,826
—
(73,938)
(49,252)
5,928
38,780
4,196
348
(12,230)
1,710
9,345
1,175
378
1,556
(10,522)
8,258
2,264
930
634
84,444
591,800
676,244
(20,450)
7,850
12,600
1,238
(135,857)
(99,799)
18,518
73,137
7,744
400
(15,963)
3,364
9,246
3,353
378
2,043
(17,674)
13,631
4,043
1,080
1,403
160,028
1,250,000
1,410,028
(12,342)
5,516
6,826
1,238
(73,938)
(49,252)
5,928
38,780
4,196
348
(12,230)
1,710
9,345
1,175
378
1,556
(10,522)
8,258
2,264
930
1,123
89,571
591,800
681,371
Step 0 Total 3,681,227 4,091,119 2,820,556 2,726,484
2-225
PQ
0}
01
•T-I
M
ai
to
cu
4J
Ol
P
C
H
vO
CO
<u
•H
4-1
ex
o
CO
CO
cd
TJ
0)
01
Q
CN
•
OO
i?
i i >•
UJ
DC _lttt tn
O —
X
ec uj —
3 s
<
V)£ <j
0
UJ
s
CL
CC
O
0 0 0
O O O
o o o
^ ^
0*0* o
o o o
o o o
^ ^
•^ ON O
m r-. oo
OO ON ON
i-l
0*0" o
m in o
OO (M O
m en f)
C ~
0)
3
0
3
to
C
o
-H
09
CO
a
m
C
W 0}
5 "
a: -a 3
5 S
< b
g
O O <? O . O
O O O O - O
o o o o o
~
o o o" o o
o o o o o
o o o o o
^
o o in a* o
•& <X> & G\ <B
O\ O --I r-1 O
f-H C*J CM r-l
o o o" o o
O u-» O O O.-CM vo m r-t
CM CM
f-< rH
CO
h
(U
> a) a>
O h H
o a a& 3
C 13 T3
O M ki
• H O C D
4J JS J3
CO 09
•H 3 36 0 o
d» c 4J c
« 5 3 5to a a a)
2 0 UCO 4J CO
.C i-l *W -H
H »2 << S
4J
<
o ' S ' o ' o o o o o o ' o o o
o o o o o o o o o o o oo o o o o o o o o o o o
~ -^ ^  ^
o o o o o o o o o ' o b o
§ 0 0 0 0 0 0 0 0 0 0 0o o o o o o o o o o o
^ v^ v^ ^^
^ • c o c n o o c M i n o o c j N O i ^ c o
O % * i ' « d > s J > O ^ > f - < » O ^ O C M ^ * C M
> O i n O C M O O O \ 0 > > O v O ^ - r ^
f - t f - l f - l f - l t - H f H r H r ^ l - l l - H
s a l a l l s s s R l s '
o i n o o . - i i n i - < - o o i - i e M > 4 -CN oo rH r-i in in
V— '
CO
c
O X-Ni-i m
09 -^
-H
c?
M f-l
a. ca M
2 c o -S
3 O 4J C
O 4J t-H
<u 3 co a) fs ai
M <U M 2 M O 60
3 60 4J *H co 3 C
o (0 1-1 M o u t - « i - i a )
3 i-l CO CX CU X> 3 ( U U - l O O
4 J W 4 J M 4 J C O T 3 C O
• 0 f O - S c U s i H A J ^ S * "
p j o j j j c o c j = 6 a ) q j o < 4 - i
O i < P a p H E - t M S p 3 b <
H M 60b o c u
CO
S 3 .
•8
2-226
en
UJ
C^L
O.
O
Q_
V)
I/I
S
_J
t-
UJ
a
N
fc _
; s
§ fe >-.
* U
UJ in
§1
X
I- t-
u O to
OC — _l
5 *
<
is u
0
LU
§
E
tr
in
a
O O O O O
O O O O O
O O O O O
^
O O O O O
o o o o o
o o o o o
• ^/
r-l ^O r^ f-l O\
CM vO CM O un
O O O O i-«
CM CM CM CM CM
•J ON vO ^O CO
<f r^  i-i so ao
r^ r^ oo o o
C *" ^ ^
0)
o^0) ^
00 M
C U
I-H co a GO
Q) ,-| _( CO
M (U M-I CL o
3 & <U jD
*j CQ -a w
U M 03 0)
3 u a iu i-i
M -H 3 0) M
*J eo tl 4J N
co aj o C opa b M yz
4J
*W
<
o o ' o ' o o o o ' o 0 0 0 * 0 0 0 0 * 0 0
o o o o o o o o o o o o o o o o oo o o o o o o o o o o o o o o o o
^ ^ ^ ^x ^ •
o o o o o o o o o o o o o o o o o
o o o o o o o o o o o o o o o o oo o o o o o o o o o o o o o o o o
^s • ^ s ^ ^s ^-/
O i - H C M i n i o o i n < f ' o o c n ^ o o m c n i n
«J" ON i— I vO GO vO O ON ^ r-- ^O OO >d" OO OO fO ON
O O O O O r ^ O O O O O N O O v D v D l / ^ O e n C M u ^
% . O i n O O O e ^ i M 3 i r , ( ^ » . o o O O O > - i c ^ ( H
• M r - 1 1 - l . - l i - l r - l i - l i - l i - l r H C M C N C M C M C M CM CM
O r ^ c M C M r ^ c n C M C M O o m c o O O - * i - i ^§ l/^  *^ if) OO O ^D ^O O O l/l *^ ON O r^ CM CMC M c n O i - l r - l l O O ^ D O N n . i - l . r H v D C O r ^
i / i r o c o o o r ^ . c o m r - ^ ^ r * .
(U C C C
iH O x-x O O
S 4-1 v-- 4-1 4J
-O fl) CO fl
M i-l r-t i— 1
fl 3 <r-s 3 3
.£ <U ffl r-l CO 00
0 H C fl C C
>, 01 3 *H 4J -H -H
i— t 4J 0) O ' C
• A Q O O i - l 4 - t t - t 4 ) f - l O
S >^ i-l (0 00 ^—- 03 O O M Q W) i-l
<3J CO U 5 C C C 3 C C m
0 0 S M - H t O M f U - H t O l - i M - H C
0 3 C ' O 4 ) ( I J 4 J 4 _ , < 1 J C J 4 J O ^ J O 4 J O J 4 J
e o o ^ i J C - i - i - c 4 J C 4 - > i - i 4 J l , . . . ; 4 - i a > 4 J . . r i
• H f l C - H O ( U C ^ - I O O C - H ' O f H X X
0 > 4 J § H K 4 t = U S M | J P ^ M t-J D-. N W W
00 CO & 60 4-> N
fl f-4 O .0) <W . O
O 3 fa " CO < 3
C ' •
M
2-227
If
1-
° U
uj en
il
CU
RR
EN
T
W
EI
GH
T
§
u
g
a.
0?
>
'
X
r1
<
u
UJ
0 0 0 * 0 0 0 0 0 0 0
o o o o o o o o o o
o o o o o o o o o o
^
o o o " o o o o o o o
O'O O O O O'O O O O
o o o o o o o o o o
* O O v C M O O O O m O O
ON <o co n oo tf\ oo r* oo ^o
O >-» oo .00 oo oo m r*. r>- tn
(N CM
c M O - d - m o o O N O O
O % < N O O O i - t i - l C N < N
b" CN" *4
•H *-* .
f<
-3 BB a)(U U
CO CO
CO >%
03 a co cu
f-i a B to M
CO 1U U h (..L
co a co co
•0 JS d J3 CO -0
C *H 4) CO
to >•, B >. >
•-t C r-l -r4 T3 •
A J ^ - D o O ^ O O t S
g B H ^i B o eo jj
l - I C 0 4 J c O G O C L < O a } - <
. £ « C 0 4 J C O X ^ . 4 J C ^ - . '
H < 3 W < W W - H - - t C . O
j3 w
H H
o" o o
o o o
0 0 0
^
0 * 0 0
o o o
o o o
0 * 0 0
ON ON ON
t- 1 f-l f-t
CM (N C*i
/—v
oo o o
o m to
I-l
§ 5
K a
>4 10 CU
M K 3
o in
S 4Ja h
H 3 0)
H w ?
3 ^ 5
<
0
o
o
o
o
o
o
ON
NO
f-l
CM
o
00
CM
<u
14§
•0
a
at
•3
o
0)
a
f-l
01
u
o
•H
B
a)
00
B
T-!
f-lHi
c?
o
0
^
^^
o
o
o
s~\
NO
00
in
£,
CO
NO
z
M
u
g
-S
e
*3
M
«
E3
Mti
o
0
o
o
8
o
3ON
uO
iH
00
C
•H
14
•H
O
8
o
0
o
o
3
ON
0
f-l
CO
4J
g
o.B
o
o
8
o
o
0
••
:o
ON
NO
f-l
' eg
00
o
CO
.
<o
u
-H
.u
4J
o
0)
I-l
M
0
AJ
CO
3
<
2-228
I/)
UJ
t—
a:
UJ
a.
0
cc
0.
10
in
«t
S
<
r-
UJ
O
ifh
Si
_
a: — <•
3
u
i
P
a.
1
N
*•
X
i
i
<
0
UJ
o o o o o o o
d d .d d o d d
o o o o o o o
-^
o o S" o o o o
o o o o o o o
o o o o o o o
^
/•^
en CO •* OO 00 O vO
vo CJN m o vo o m
r-l i-l rH i-l CM i-l
NO co o rH in ** *^
oo oo o en *^ ° CM !•*|H O CO 1^  ON CM
00 O NO o CM 00
en oo rH r*. ON i-ii-i o CM r~ CM
I-l f-l
/•
^
4) rH*\-i <a
;* co o|H <1) O u (U
ft *< ° 3by co co co
J3 W -O 4J OEH. D c M c fH a:
•H CO CO 01 u O
O ti i-i S § H
rH 01 i-l C Eb U Q
U U 01 O HI >M g
5 -r4 Q. fc. K> <
C O Qj t>o >, a
8 i
H iJ
o o
O O
0 0
O O
o o
0 0
en O
VO CO
CM 1^
r~ ON
-rH
O CO
m oo
r^ i
o|H|
CO
u ah to
« h
C co
w
 6
•o
O H
•O 0)
C i '
91 iH
a c
x to
W M
o
o
o
0
8
m
;»
in
r1
o
o
0
o
00
o
iH
4J
B
CO
rH
0)
a
oh
PM
o o o o
o o o o0 0 0 0
0 0 0 0
§ 0 0 0o o o
o CTV en i^
co oo o r^
o*v o in *3>O NO O vO
fH* r-T CM* l-T
iH in ^ vo
en st CN en
en r^ - ON «^
vo O CM t^
CM r* 1 rH"
I I -
en
01 in"
H a
3 4J
CO O
O u 01
rH N — U
U 3
co a
•a u o
ce a) u
e i u • ••
O Cj> IWb 03 < IH
o
s
CD.
2-229
o o o o o o
o o o o o o
x~N
c
n
PQ
CO
Ol
•H
H
Oi
CO
n"
cu
4J
O)
1|-|
P
1
C
w
1
vO
.—1
v_x
CO
Ol1-1
4-1
1-1
01
o.
0
P-I
CO
CO
cfl
S
*o
rtl
y
c
01
0^*
Ol
CO
n
•
oo
<
0
in
iu
^—or
UJ
o.
0
o:
o.
V)
c/)
y;
:o
u
. z
Z)
o
UJ
. <n
<
i —
It
ti. i
O
5 3
I ~
S g
Uu.O u
UJ tn
a 5
o •=•
s
V
§
O-
d£
M
>-
X
i- i-
Q O S"
i5~
g
E
§
3
O O O O O O
*O . r^- iH CM ^ r-<
o\ - m o* m in eo .O\ r-i in O Kf r*
•4- • o^ -^ a> - -* r*-
c^ f-« a\ t-<
o o o o o o .
o o o o o o
o o o o o o . . v
r^ O en r*. -tf1 \O . .
O^ vO O» U"l CO CO
^ ^H in o «^ r-1*
^ O 1 * * ^ ^ * ^ r - * . . .
CM ,-1 C\ «-H
O O O O O O
o o o o o o
^ ro ON r^ O vo
-*" m c*i oj ao in
m ^o <t PI a* 1-1i-^ o> i—< *o ^ tn
t-< CM i-< • -
1— 1
- O O O
o o d o o o0 0 0
l-H r-l f-4
o o o
0 * 0 * 0 " o o o
o o o
I— 1 »H l-l
oo <r> r* . m i-t o
eo ^o r~ ^ oo r-
m i n < j - o < f a > . . . .\o m *o vc in in
r-l T-H i-J ,-1 -^C -^) .
\o -d- vO m r-. 01
oo r^ n \o CM r-i
<— i CM *^ a\ CM r-*
OO 00 r*» O >H 00
n i-l CN >J- GO O ;
r-4 C4 i-l <J- vO -tf
•-*" Ol"
AJ ' '
•^
C -
» > > ' • > » • _
a) a • a
i-* B jz 1-1 B ^
bO W u Q) w 0
C - C AJ 2 • C 4J
• H 4 J 3 3 O 4 J 3 3
W ^ « 0 H X W O
00 .-I G 00 f-i CO - H O ) » H O -H <U ^
a) M 3 a> i-i 3
a) <y
CO w
I
CN
2-230
2.4.8.4 Powered Flight Mass Properties (156-In.-Diameter, Series Burn)
M A S S P R O P E R T I E S S ' J M M A K Y
SLNIES C U N K l G i l K A T T O N - 156 1MQH
TlrfE WEI'JHT
SEC LHS
0.0 1?18274.0
10,0 1126578.3
20. 0 10339S6.5
30.0 9415'S'j.ft
40.0 349833.1
50.0 759476.3
60,0 670302.6
70 ,0 58?1 H .6
8C.O 4Vi|8'l2.1
90 ,0 4'""35'J9 4
lOO.O 3 ?9851.6
110.-) ,619^ .9
12 o.O 2o/tO''>l •<?
130.0 154270.4
140.0 127668.0
144.0 127416.0
CEN1ER UF u
LONG. i_AT.
1556.9 100. 0
1560.1 100.0
1563.4 lOO.O
1567 ./ lOO .0
157?. 2 .130.0
1577.2 lOO.O
1^*4.5 lOO.C
1594.6 100.0
1605.5 lOO.f.1
1016.7 lOO.O
16^7.1 jOO.C
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2.4.8;7 PdWefed Flight Mass Properties (120-In.-Diameter, Series Burn)
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2.4.8.10 Powered Flight Mass Properties (156-In.-Diameter, Parallel Burn)
SEQUENTIAL MASS
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2.4.8.13 Powered Flight Mass Properties (120-In.-Diameter, Parallel Burn')
SEQUENTIAL M A S S PROPERTIES MII'.MAKY
PAKALLEL CONFIGURATION - 120 INCH MOTOR
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2.5 PARAMETRIC DATA
The UTC baseline designs were selected on the basis of specific sizing
criteria. A different size of SRM may be required to meet other criteria or to
accommodate vehicle growth. Size changes can be accommodated in a given design
by varying the motor length. Motor length can be affected by adding or subtract-
ing segments and changing the segment length. This is shown in figures 2-121
and 2-122, indicating a wide range of motor sizes and total impulse which are
possible by utilizing the available technology for large solid propellant boost-
ers. This curve shows a growth rate limit indicating the approximate maximum
practical size of these motors. Thus, the range of propellant weights covered
is from 500,000 to 1,500,000 Ib, and total impulse is from 130,000,000 to
410,000,000 Ib-sec.
Another design variable is the selected MEOP. This variable should be
optimized, based on total system performance, such that the tradeoffs are made
with the SRM operating in its designed mission. To assist in this analysis,
figures 2-123 through 2-126 show the variation of inert weight and vacuum
delivered specific impulse with MEOP.
2.6 PRODUCT ASSURANCE
UTC considers assurance of hardware integrity to be a major objective.
Since its inception, the systems effectiveness program has been in effect at
UTC for the past 6 years and, provides a solid basis for applying the disciplines
of quality assurance, reliability, system safety, human engineering, and main-
tainability as required to assure the integrity of the UTC 120-in.-diameter SRM.
The systems effectiveness program provides the Titan III programs with an
integrated approach in applying disciplines which interact with the design,
manufacture, assembly, test, and launch processes necessary to achieve program
requirements. The systems effectiveness requirement is imposed during the ini-
tial design phase to ensure that the required disciplines have provided input
to the initial design analyses required to assure hardware integrity (i.e.,
analyses on stress, loads, design reliability, failure mode and effects, thermal,
etc.). The design is reviewed on a continual basis by the various disciplines,
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PROPELLANT WEIGHT, LB X 10
Figure 2-121. Effect of Propellant Weight on Total Impulse
and Inert Weight of 156-In.-Diameter SRM =
 ;
400 500 - 600-
PROPELLANT WEIGHT, LB X 10
Figure 2-122. Effect of Propellant Weight on Total Impulse
and Inert Weight of 120-In.-Diameter SRM
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Figure 2-123.. Vacuum Specific Impulse vs Time for 156-In.-Diameter SRM
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Figure 2-124. Inert Weight (Including Attach Structures) vs MEOP
for 156-In.-Diameter SRM
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Figure 2-125. Vacuum Specific Impulse vs MEOP
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and the individual inputs are integrated into the design, thereby assuring the
integrity of product. The critical design aspects are determined by the dis-
ciplines and appropriate inspection/testing activity developed and coordinated
among all disciplines to ensure design integrity during the manufacture and
test phases (i.e., integrated planning and inspection documentation and inte-
grated system test). The systems effectiveness integrated approach is imposed
.during the receipt and buildup of the launch vehicle by integrated review of
the launch site operations/inspection procedures to ensure individual discipline
requirements are incorporated.
This integrated approach to assuring design reliability and integrity has
resulted in the completely successful performance of the UTC 120-in.-diameter
SRMs during all Titan III-C/D launches to date and is reflected in the overall
demonstrated reliability of .954 at the 90% confidence level (see figure 2-127).
The systems effectiveness program is a well established approach to assure
hardware/product integrity. The results of its application adequately verify
its effectiveness and integrity. Its direct application would be considered
an essential tool for any future large SRM program at UTC.
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2.7 SRM-ISSUES
2.7.1 Acoustics
Acoustic noise levels produced by the space shuttle should not pose a
serious problem to component design and qualification or a hazard to ground
personnel and facilities at launch. The acoustic level of an exhaust jet
has been shown to be related to the mechanical power or thrust level of the
jet. Fortunately, the efficiency of conversion is quite small, on the order
of 1/2% to 3/47o. The total thrust level of the shuttle at launch varies
between 6 and 7 million pounds, depending upon the configuration selected.
The thrust level of the current Saturn is 7.5 million pounds.
Detailed acoustic measurements were made of early UA 1205 five-segment
120-in.-diameter motors through static tests conducted by Bolt Beranek &
Newman, Inc.* These measurements indicated an apparent source overall sound
power level of 206 db for the 1,140,000-lb-thrust SRM. The far-field noise
produced is shown in figure 2-128. Obtaining a ratio between the shuttle
booster thrust and the UA 1205 produces an increase of 8 db to provide the
shuttle far-field noise estimate, also shown in figure 2-128.
Projections of noise levels to be experienced within the shuttle vehicle
are made from Bolt Beranek & Newman Titan III-C flight data. These data are
shown in figure 2-129. It is seen that the engine noise is at a maximum at
launch while in the presence of the ground plane. This noise drops .rapidly
to a minimum in about 15 sec. Aerodynamic noise then begins to become domi-
nant, reaching levels of about 150 to 158 db at time of Mach 1, or maximum
dynamic pressure. This time-dependent variation is shown in figure 2-130 for
a typical Titan launch equipment station.
2.7.2 Base Heating
Heating of the shuttle vehicle base region during the SRM boost phase is
a phenomenon which can be determined through analysis and test. Protection
* "Solid Motor Static Firing, DVXL 5-1, UA 1205-2, UA 1205-3," Report No. 1035,
13 September 1963; Report No. 1088, 15 April 1964; and Report No. 1090,
27 May 1964. Bolt Beranek & Newman, Inc.
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may be provided for this heating in the form of insulation. The heating of
the base region is created by the dual effects of radiation from the hot
aluminum-laden exhaust gases and convection from recirculating exhaust gases.
The problem of base heating can be defined from existing knowledge of radiative
characteristics of SRM exhaust as supported by convective heating tests of
suitable aerodynamic or wind tunnel models.
The base flow phenomena causing recirculation heating is attributable to
the turbulent mixing occurring between the free-stream air and the exhaust
plumes. If the plumes do not intersect, the plumes pull free-stream air into
the base region. Plume intersection, however, causes a pressure rise due to
shock waves resulting from the intersection. A portion of the gas in the
turbulent mixing zone cannot overcome the increased pressure and is turned
toward the base region where it is turned and accelerated to ambient pressure.
The back flow may be of such a magnitude so that choking results at the small-
est flow area. The recirculation gases have a recovery temperature dependent
on the amounts of free-stream air and exhaust gas mixed and cause significant
convective heating of the base region. The magnitude of the convective heat-
ing is strongly dependent on vehicle trajectory and geometry.
Besides recirculation heating the base region is also subjected to radia-
tion heating from the exhaust plumes. The Al 0 in the plumes is the primary
contributor, while the gaseous components are of negligible importance. UTC
experience has shown that the emissive power of a plume can be found by using
the static temperature at the nozzle exit and the Beer's Law emissivity of
the Al CL particles. However, for plumes which have been affected by N~0.
liquid TVC, the emissive power is considerably greater because of the increased
plume temperature. The magnitude of radiative heating at a particular point
in the base region is strongly dependent on view factor which is, in turn,
dependent on vehicle trajectory and geometry.
Analytical capabilities have been developed at UTC for the prediction
of recirculation and radiation base heating. In determing recirculation heat-
ing, the mass flow rate of the recirculated gas is calculated and appropriate
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relation used to calculate the heat transfer coefficient and recovery temp-
erature. The determination of radiation heating is accomplished by utilizing
plume radiation data, with appropriate assumptions regarding plume geometry.
Extensive base heating flight data from large clustered SRMs are avail-
able for study. Analytical prediction and measured flight data are in excel-
lent agreement. Thus, it is felt that analytical techniques for the prediction
of base heating are sound and can be extended to handle most vehicle geometries
and trajectories which may require analysis.
An optimum approach to analysis would be to conduct modeled flow tests
of the desired clustered configuration and correlate the results with the
analytical predictions. The flow tests might be hot firings in a wind tunnel
with a modeled configuration and pressure ratios or simpler cold (or warm)
flow tests in research facilities. These kinds of tests would result in
optimized insulation design, as well as providing a higher confidence level
in the analytical prediction techniques. The final correlation, would come
after the first flight test where instrumentation would provide actual per-
formance information. This technique of using modeling and analytical
approaches with final correlation with flight tests has been used successfully
with the Titan III-C vehicle base heating.
Preliminary estimates were made of typical heating rates to be experienced
on the base of the HO tank for the 156-in.-diameter configuration. These
data are shown in figure 2-128. Expected heating rates were projected on the
basis of existing Titan data and known radiative characteristics. Further
detailed calculations can be made to define the complete insulation require-
ments for the orbiter HO tank.
2.7.3 Crew Safety
Crew safety evaluations of boost vehicle operations normally can be
broken down into the principal activities of hazard definition, hazard detec-
tion, and abort modes definition. Hazard definition can be accomplished by
conduting a failure mode and effects analysis. Hazard detection is accomplished
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by defining of an emergency detection system which will sense the occurrence
of critical failure modes. Abort modes definition begins with the basic
vehicle capabilities and defines acceptable operations to be performed to
accomplish rescue of the crew and orbiter from the known hazards.
Failure modes and effects analyses are conducted to accomplish several
objectives. Initially, they are developed as a design analysis tool to
identify failure modes in the design so that action can be taken to minimize
or reduce the occurrence of these failure modes. Secondarily, the failure
modes analysis can be utilized to develop quality control techniques to screen
out identified failure-inducing flaws. The development of improved detection
techniques can be fed back into the analysis as a method of reducing the rate
of occurrence of identified failures. Finally, the failure modes and effects
analysis define the hazards and their rate of occurrence for conduct of crew
safety and abort studies.
Successful protection of the space shuttle orbiter and crew is dependent
upon the recognition of failures in progress which will lead to the catastro-
phic loss of the launch vehicle. Most vehicle systems will produce identi-
fiable symptoms when failing or failed. Failure mode and effects data can
be utilized to select system parameters for failure detection monitoring.
Operational limits are then defined for the selected signals, which will
allow discrimination of failure levels. Selection of these failure levels
must be done to provide a minimum of false failure indications. Secondary or
backup indications should be used whenever possible to ensure against false
indications.
Successful orbiter and crew abort from the identified hazards of flight
can be developed from the basic vehicle capabilities. The failure mode and
effects analysis can be utilized to define the time of failure occurrence and
the attendant warning time to catastrophic failure. Examination of booster
shutdown capabilities and orbiter escape capabilities will lead to selected
abort sequences and system design criteria to accomplish successful return
of the orbiter.
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2.7.3.1 Failure Modes and Effects Analysis
A preliminary appraisal of space shuttle booster hazards can be based
upon previous UTC experience. Table 2-XVIII is a projection of the SRM failure
modes to be expected in a shuttle booster. The data are drawn from current
Titan III-C UA 1205 analysis and the UA 1207 analysis as part of the MOL develop,
ment program. These preliminary data are applicable to both the 120- and
156-in.-diameter designs because of their similarities. Further detailed
analysis activity should be conducted to refine these data for current design
status. Improvements in NDT techniques developed during the past 3 years
should also be factored into these analyses because they would reduce the
probability of failure occurrence.
Failure modes defined in table 2-XVIII for the basic SRM propulsion
system contribute 571 failures per million SRMs. These failures are primarily
of a motor case burnthrough mode originating from a defect in fabrication.
These types of failures generally will have warning times in excess of 10 sec
with regard to primary catastrophic SRM failure. These warning time projections
are based upon extensive burnthrough mode analysis conducted as part of the
MOL program as confirmed by available test experience. Secondary failure
effects caused by jet impingement may reduce these warning times. Such sec-
ondary effects would include jet impingement on HO tankage, the orbiter, con-
trols cabling, primary structure, or ordnance devices. Immediate catastrophic
failure through motor overpressure is not a credible failure due to the mas-
sive propellant or bond failure required to induce it.
Detailed failure modes and effects analyses have not yet been conducted
for the TECHROLL seal control system due to its current preliminary design
status. Redundancy would be utilized in the detailed design wherever pos-
sible to eliminate single failure points. Dual power supplies would be utilized
for hydraulic power. Majority vote servoamplifiers are expected to be incor-
porated into the current highly reliable Saturn actuator. Analysis of UTC
• I . • • . . ' •.
current liquid injection TVC system indicates approximately 2,000 failures
per million SRMs when redundant power systems are added. It is projected
that a movable nozzle system can be designed to reduce this failure rate.
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Failure of the SRM attachment structure is estimated at a minimal 10
failures per million. Structural failures are historically insignificant in
their occurrence. ;
j • .,
2.7.3.2 Hazard Detection ' ' • = . .
• " •
State-of-the-art systems can be conceived to successfully detect the
occurrence of SRM shuttle booster [failures. UTC has participated in the defini-
tion of such systems for the MOL malfunction detection system. A set of motor
chamber pressure measurement transducers were installed on the SRMs as a prin-
cipal feature of that system. Other transducers were used to aid in detection
of motor ignition failure and signal loss of steering capability. Discrimina-
tion logic was included in a malfunction detection system computer to evaluate
the data measurements and provide alarm signals in the event of failure
detection.
A suggested set of SRM performance parameters to.be used for malfunction
detection is listed in table 2-XIX. The effectiveness of the SRM chamber
I
pressure parameter as a failure detection aid was demonstrated during the MOL
program. The presence of a chamber pressure measurement will serve to indicate
the occurrence of SRM ignition. The UA 1207 SRM has a continually declining
ballistic history. It was determined that a pressure decay rate in excess of
a standard would indicate the occurrence of an SRM burnthrough. The selected
criteria were demonstrated by application to available data and analytical
i '
models. The detection of an SRM chamber pressure measurement significantly
different from a second SRM would also signal the occurrence of an SRM burn-
through. This burnthrough detection could be accomplished within 2 sec of
failure occurrence and could provide warning times in excess of 10 sec. The
use of the:nozzle breakwires was demonstrated on the MOL program to detect
the occurrence of motor ignition. This parameter was-selected to provide a
second or backup cue to.ignition failure. The remaining parameters are sug-
gested for use in detection of SRM TVC failure. The philosophy applied follows
that used in the MOL program with the UA 1207 liquid injection TVC system.
Parameters are selected which can be used to indicate the loss or absence of
normal performance and which would indicate the loss or future loss of steering
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capability. These steering system parameters can be coupled with vehicle
rate signals to provide a multicue system for detection of vehicle loss of
control.
The complete SRM hazard detection system can be implemented within the
SRM stages, as discussed in subsection 2.4.7. Comparator units can be packaged
with the electrical system which will apply the failure detection logic to the
measured parameter. Self-check capabilities also can be incorporated into the
system.
2.7.3.3 Abort Modes
Rescue of the orbiter and crew from a booster malfunction is dependent
on the warning time available before catastrophic failure, relative accelera-
tion of the two bodies, and expected blast effects of failure. The warning
time to complete failure was discussed in the previous subsections and is
TABLE 2-XIX
MALFUNCTION DETECTION SYSTEMS
Detection Device
Chamber pressure transducer
Nozzle breakwires
Actuator error detection
TECHROLL seal pressure or
Position monitor
Parameter
dP/dt
Nozzle flow
Hydraulic system pressure < P
min
> E
max
<pmin
>L
max
Purpose
Detect pressure decay in excess
of nominal
Detect pressure deviations in
excess of nominal
Detect ignition transient
Secondary signal to confirm
ignition transient
Detect incipient loss of
sterring
Detect incipient loss of
steering
Detect incipient loss of
steering
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established by vehicle and hazard detection system design. The relative
acceleration of the two vehicles, or bodies, also is influenced by design
and requires evaluation of expected blast effects. Design changes then can
be identified to provide adequate separation distances. An additional
requirement is presented by the orbiter since its safe return to a landing
site requires a minimum energy level.
The orbiter escape capability is extremely limited with its low thrust
to weight ratio in combination with the HO tankage and its lack of propulsive
capability without the tankage. It appears that an escape propulsion unit
will be required to satisfactorily remove the orbiter from the hazard area.
Such a propulsion unit is mandatory to provide an escape capability in the
specified on-pad abort mode. Orbiter escape may be accomplished late in
booster flight time by booster jettison and orbiter HO tank flyaway, perhaps
to an abort orbit (low-altitude single orbit and return). This mode is not
believed practical in the series burn configuration where the orbiter engines
must perform an unscheduled start procedure of several seconds duration.
The booster vehicle should incorporate some thrust reduction capability
to provide maximum separation following orbiter abort. This capability is
mandatory with a low-thrust orbiter to prevent over-running the separated,
orbiter with the boost vehicle. Thrust reduction of an SRM booster can be
accomplished within the current state of the art by opening additional ports
in the SRM case. These ports reduce thrust by reducing motor chamber pressure.
Maximum thrust reduction is obtained with forward facing ports, which provide
a reverse thrust effect.
The SRM designs presented in section 2.4 incorporate forward facing TT
ports,, as discussed in subsection 2.4.5. The 120-in. -diameter design is based
on a currently qualified design which provides 80% to 95% thrust reduction.
The 156-in.-diameter designs are predicated on a zero net thrust level.; -A...
discussion of alternate TT modes to eliminate the hazards of forward facing
systems also is presented in subsection 2.4.5.
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A suggested abort mode logic diagram is illustrated in figure 2-131 for
the boost phase flight. The basic involvement of the SRM booster is with the
phases of hazard detection, SRM thrust reduction, and. possible SRM staging
or jettison. The hazard detection methods have been discussed. TT systems
have been included in the basic design presentation as discussed above. The
primary TT system requirement is that a minimum of hazards be imposed on the
orbiter. The TT ports have been located on the SRM to accomplish this. The
possible requirement for SRM jettison for an abort orbit also stipulates that
thrust reduction should be accomplished in a balanced mode with no lateral
thrust applied to the HO tankage. This also will serve to minimize the loads
impact on tankage structure sizing. The exact level of thrust reduction
required should be established following further abort studies. A requirement
for SRM jettison also will feed back into the staging motor sizing calculations
for the parallel burn configuration. The staging motor impulse will have to be
increased to accommodate propellant mass remaining at jettison which could occur
significantly in advance of normal burnout.
TT or SRM abort on the launch pad or immediate area will have drastic
effects on the facility and possibly the booster ground support skirts. SRM
failure to ignite can be detected prior to vehicle motion. Such detection and
subsequent TT would obviate the need for vehicle hold down. Elimination of hold-
down will simplify the ground support skirt design and eliminate a significant
facility item. One hazard to on-pad TT is that typical systems are designed for
short lifetimes. Thus, the boost vehicle would begin to melt back from the
ports following TT on the pad and would eventually lead to vehicle and facility
loss. Application of external insulation and an increase in the TT stack design
lifetime criteria could possibly provide a full-duration capability.
Use of vehicle holddown is an alternate mode to TT. Copious amounts of
water would be required to cool the facility area during the subsequent full-
duration booster firing. A detailed trade study should be conducted to discover
the relative merits of these two approaches.
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Other features of the abort modes involve options available to the orbiter
depending on the time of failure occurrence and the boost vehicle configuration.
These options would be the subject of detailed study by the orbiter contractors.
2.7.4 Ecology
The firing of large SRMs in the space shuttle booster results in potential
air and noise pollution conditions which have been analyzed and evaluated prior
to and during this study. The results of these evaluations are summarized in
appendix E to this report.
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3.0 DESIGN, DEVELOPMENT, TEST, AND EVALUATION
Results of this study defined the design, development, test and evaluation
program for four SRM configurations: a series burn and parallel burn 120-in.-
diameter SRM booster stage and a series burn and parallel burn 156-in.-diameter
SRM booster stage. Design, development, test, and evaluation program costs
were estimated for each of these configurations. Each of these programs in-
cludes engineering design and development, tooling, ground test program includ-
ing inert motors, and flight test hardware for the initial flight test program
launches. The design and development effort was then further defined by major
components and system. The ground test program was also defined in detail
including development static motor test firings, system testing, qualification
testing, preliminary flight rating test, and inert motors for dynamic tests.
The flight test program hardware and launch support was also defined.
3.1 DESIGN
SRM design effort for each of the configurations consists of detailed
final engineering design and analysis including release of fabrication draw-
ings and specifications, structural analysis and reports, TVC system analysis,
and malfunction detection system analysis. This effort includes the following
major phases:
System engineering
Motor case and insulation design
Internal ballistic design and propellant characterization
Nozzle/TECHROLL seal design
Ordnance system design
Thrust termination system design
Attach structure, .ground support structure, and interstage design
(series burn only)
Thrust vector control system design
Malfunction detection system design
Recovery systems design
Ground support systems design '
Analytical studies.
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Systems engineering includes overall analysis of the SRM booster system
requirements to define the specific requirements which must be incorporated
in the hardware designs. Other effort included in the system engineering
tasks defined is the preparation of interface control drawings and specifica-
tions, performance of trade studies to determine final design selection,
development of necessary timeliness and maintenance analyses, preparation of
overall electrical system schematics, and preparation of SRM booster assembly
drawings. This effort includes test planning for all development and qualifi^
cation testing.
The motor case and insulation design effort consists of the detailed
design of the segments, forward and aft closure motor cases, and internal
insulation.
Internal ballistic design will define the internal ballistics of the SRM
and predicted performance parameters including ignition, thrust time, and
tailoff characteristics. The propellant characterization effort will define
the propellant formulation in detail and the process control limits for that
formulation.
The ordnance system design includes the igniter and initiator design for
the SRM, the staging rocket motor design including igniter/initiator, SRM
igniter EBW device, EBW firing units, and ordnance electrical distribution
system. Ordnance system design for the series burn configuration also includes
the explosive release system (ZIP cord) for separating the interstage structure
and the shuttle propellant tankage.
The TT design effort includes detailed design of the insulated TT tubes
mounted on the forward closure, the tube covers flush with the forward thrust
skirt skin, and the LSC system for opening the TT ports in the forward closure.
The structural design effort includes the design of the aft ground sup-
port skirt and attachment to shuttle propellant tankage or to the other SRM(s)
in the series burn configuration design of heat shields, design of the forward
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thrust skirt for transmission of SRM thrust to shuttle propellant tankage,
and attachment to the shuttle propellant tankage. The parallel burn configura-
tion structural design effort also includes design of the SRM nose section
and recovery parachute canister housing system. For the series burn configura-
tion, the structural design effort includes design of the interstage structure
for load transmission between the SRMs and the shuttle propellant tankage.
TVC system design includes detailed design of the hydraulic pitch and yaw
servoactuators for gimballing the TECHROLL, seal nozzle of each SRM, solid
propellant gas generator power and initiation system, hydraulic power system,
and electrical control system for processing guidance commands and actuator
position feedback responses. Control system design also includes design of
ground checkout provisions within the system, permitting actuator and nozzle
gimbal system checkout.
The malfunction detection system design effort consists of detailed
design of the sensors required for the orbiter crew safety system in the rocket
motor pressure vessel and the TVC system.
Additional design effort consists of detailed design of the system
required for parachute recovery of the expended SRMs and design of the GSE
including equipment required for transportation, assembly, and checkout of the
SRM systems.
The design effort also includes preparation of analytical studies cover-
ing the structural adequacy of1all SRM components for ground and flight loads,
ordnance system performance, TVC system performance, TT system performance,
.malfunction detection system performance, and EMI system analysis.
The design effort is similar except as previously noted for the parallel
and series burn configurations of both the 120- and 156-in.-diameter configura-
tions. However, the design effort for the 156-in.-diameter SRM is considerably
greater than for the 120-in.-diameter SRM whose basic configuration has been
defined and detail design completed under the Air Force MOL program. The
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remaining design effort required for the 120-in.-diameter configuration con-
sists primarily of:
TECHROLL seal nozzle design
Forward thrust skirt design and aft support skirt redesign
Thrust vector control system design
EBW ordnance system design
Malfunction detection system
Recovery system design
Electrical system design revision.
The basic motor case and ballistic design of the 120-in.-diameter motor
and much of the attach structure design is already complete. Design effort
for the 156-in.-diameter motor will include complete motor case, insulation,
attach structures, in addition to the design effort described in the preceding
paragraphs.
3.2 DEVELOPMENT
Development effort other than static motor firings defined during the
study includes (1) components, (2) material and processes, (3) systems develop-
ment, and (4) inert motor fabrication.
3.2.1 Component Development
Principal component development programs are the TECHROLL seal nozzle
development program discussed in the Supporting Research and Technology
section, the EBW ordnance components and ordnance control and distribution
unit development, the parachute deployment system for the SRM, and the actuator/
hydraulic power supply system for the TVC system. Additional component develop-
ment effort may be required for the electrical system in the series burn con-
figuration where the TT ports will be relocated. Component development test-
ing of the LSC separation system for the series burn configuration will also
be required.
3.2.2 Materials and Process Development
Materials and process evaluation of TECHROLL seal materials will be per-
formed to select the optimum seal material and process combination.
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3.2.3 Systems Development
A requirement for a full systems development test of all electrical sys-
tems (ordnance, TVC, malfunction detection, and flight instrumentation) and the
TVC actuator/nozzle/TECHROLL seal system was defined during the study. This
test will demonstrate the response of all systems over full specification limits
and evaluate system performance for interactions between systems and test facil-
ity. This test will be followed by a full systems test of the TVC system and
the ordnance systems to demonstrate EMC compliance.
.The inert motor fabrication effort to provide dynamic test motors to NASA
has been included in the systems development effort defined by the study. The
inert motor configuration defined consists of a motor case loaded with inert
propellant, all attaching structures including ground support skirt, and the
forward thrust skirt interstage structure (series burn configuration only).
The SRM configuration also includes a nozzle and weights to simulate all other
components such as the actuators and electronic control and distribution unit.
Eight inert motors will be required for dynamic test vehicles using the parallel
burn 120-in.-diameter SRM. Twelve inert motors will be required for the series
burn 120-in.-diameter SRM. For the 156-in.-diameter configuration, four inert
motors will be requied for the parallel burn configuration and six inert
motors for the series burn configuration.
3.2.4 TECHROLL Seal Nozzle Development
One of the principal development programs defined during the shuttle con-
tract is required for development of the TECHROLL seal gimbal nozzle and its
actuator/hydraulic power system. Actuator hardware of similar capacity has
been developed previously and tested in the aerospace industry. The TECHROLL
seal nozzle development work performed to date has progressed to the size of
the first-stage Poseidon nozzle (approximately 12.5-in. throat diameter). The
actuator/hydraulic power system development and testing has been discussed
previously.
The TECHROLL seal nozzle development program defined for the SRM booster
development program is the same for both the 120-in and 156-in.-diameter SRMs.
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The program consists of four phases: (1) design studies, (2) component and
process development, (3) bench test program and (4) full-scale testing. The
first three phases of the program are recommended for supporting research
and technology effort.
The design study phase of the program (costed as part of the design
effort) includes the preparation of preliminary full-scale drawings and specifi-
cations; analysis and selection of the nozzle actuation system to be employed;
definition of weight, reliability and maintainability factors; and preparation
of detailed development plans for the rest of the program.
The component and process development phase of the TECHROLL seal develop-
ment program covers the evaluation of seal materials and the other related
nozzle materials in the seal assembly. The candidate TECHROLL seal materials
are evaluated for tensile strength, flex life, fluid and grease compatibility,
elongation, and burst capability. Manfacturing methods and processes, includ-
ing NDT techniques for full-scale manufacture, are evaluated. This effort
concludes with the selection of recommended materials, processes, and manu-
facturing techniques.
The bench test program consists of seal bench tests of full-scale seals
to evaluate TECHROLL seals for operating characteristics with actuator and
pressure vessel blowoff loads. Among the characteristics to be evaluated are
torque, hysteresis, and other nonlinearities.
The full-scale phase of the development effort involves preparation and
release of full-scale design drawings and specifications, bench testing of
full-scale TECHROLL seal nozzle assemblies and actuator hardware, and defini-
tion of production manufacturing methods, processes, and NDT techniques.
3.3 DEVELOPMENT TESTING
The development static test motor firing programs required for the 120-in.-
diameter SRM and the 156-in.-diameter SRM are distinctly different because of
the previous static motor test program which was completed for the 120-in.-
diameter SRM.
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3.3.1 Development Static Motor Test Firings of 120-in.-Diameter SRM
Three vertical static test motor firings were defined during the study
for the 120-in.-diameter SRM. In addition, a single horizontal static motor
firing for TT system verification was also defined.
The primary objectives of the vertical test firings are (1) evaluation
of TECHROLL seal, (2) evaluation of performance, and (3) determination of TVG.
The TECHROLL seal nozzle will be evaluated for seal integrity, nozzle
throat and exit cone structural integrity, and nozzle throat ablation rate.
Data for evaluation of thrust vector moment arm, moment arm hysterisis, thrust
vector alignment, moment arm variability, resolution, frequency response, and
slew rate will be acquired for determination of TVC system performance.
Additional secondary objectives of these static test firings are (1)
evaluation of electrical system performance, (2) evaluation of malfunction .
detection system performance, (3) determination of EBW firing unit and ord-
nance control and distribution unit performance with igniter EBW unit, and
(4) evaluation of aft closure nozzle entrance area insulation performance.
The TT test will be conducted in a horizontal attitude to demonstrate
(1) TT system performance, (2) motor thrust during the transient portion of
the test, (3) TT tube liner and throat insert thermal performance, (4) port
cover and tube access cover separation characteristics and trajectory, and
(5) LSC port cover cutting, and to determine radiation heat flux during TT.
While these objectives have been accomplished previously for the five-
segment, 120-in.-diameter motor during the Titan program, this test will pro-
vide confirmation of TT performance in the seven-segment, 120-in.-diameter
configuration.
All other development test requirements for the 120-in.-diameter SRM
have been accomplished previously during development firings performed under
the Air Force MOL program.
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3.3.2 Development Static Test Motor Firings of 156-in.-diameter SRM
The development static test firing program required for the 156-in.-
diameter SRM is considerably greater in scope than that required for the
120-in.-diameter, because the large motor is a new design which has not been
tested previously. In addition to the primary objectives of the development
static firings noted in paragraph 3.3.1 above the primary objectives for the
156-in.-diameter SRM are (1) evaluation of ignition system and re'p'roducibillty,
(2) determination of motor ballistic performance, (3) verification of motor
case structural integrity, (4) verification of propellant grain structural
integrity, (5) determination of motor case insulation performance, and (6)
determination of aft end heat flux.
Seven vertical static test motor firngs of the 156-in.-diameter motor
are required to demonstrate these objectives for a new motor design.
3.3.3 Subscale Testing
Other static firings of subscale motors will be required for final pro-
pellant characterization of the specific propellants to be used in either the
120- or 156-in.-diameter motors. Costs defined during the study program
included subscale tests for this purpose.
Subscale testing of the TT system for the 156-in.-diameter SRM was also
defined during the study contract.
3.4 PRELIMINARY FLIGHT RATING TESTS
The PFRT static motor test firing program for the 120-in.-diameter motor
consists of four vertical static firings, and the PFRT program for the 156-in.-
diameter motor includes five static firings. Fewer tests of the 120-in.-
diameter configuration are defined because of the long successful history of
120-in.-diameter five-segment and seven-segment motor firings.
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The objective of the PFRT static motor test firing program which is
applicable to each test is the demonstration of repeatable performance within
motor specification requirements. Performance requirements which will be
.demonstrated are motor ballistics, TVC, insulation, nozzle throat and exit
cone ablation, electrical system performance, ignition system response, and
emergency .detection .system performance. Successful completion of the PFRT
program along .with successful .completion of qualification (testing will demon-
strate that the SRM is qualified for launch as the booster for the space shuttle.
3.5 QUALIFICATION TESTING
The qualification test effort defined during the study contract includes
(1) motor case hydrpburst, (2) cpmppnent qualification, and (3) structural
test of fprward and aft support sjcirts, motor attachments, nozzle, and inter-
stage structure .(series burn configuration only).
3.5.1 Motor Case Hydroburst
The motor case hydrpburst is the testing of the forward and aft closures
and two segments of the 15,6r-in.-diameter SRM. The test is not required for
the 120-in.-diameter SRM because the case has already successfully completed
hydroburst testing. The hydrpburst test is performed using segments and
closures from a prior static test firing. The assembled motor case is
pressurized to burst at minimum of 1,250 psi.
3.5.2 Component Qualification
The component <3ualiftpa,tion tests identified for both the 120- and
156-in.-diameter SRMs include TVC electronic control and distribution unit,
TVC hydraulic actuators, TVC hydraulic power unit, ordnance control and distri-
bution unit, inadvertent separation detection' system (series burn configuration
only), emergency detection system, TT EBW unit, ignition EBW unit, staging
rocket motor EBW unit, electrical cables (156-in.-diameter SRM only), batteries,
instrumentation system, TT LSCs, and power transfer switches.
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3.5.3 Structural Test
A comprehensive structural test program is required to demonstrate the
adequacy of the structure to sustain all critical design and environmental
conditions. These tests demonstrate SRM structural adequacy under the loading
conditions prior to launch, during launch, during all flight conditions, and
at TT or burnout. The structural testing for the 120-in.-diameter SRM are
performed on the aft support skirt, forward thrust skirt, interstage structure
(series burn configuration only), TECHROLL seal nozzle assembly, SRM drop
tank attach fittings, heat shield (depending on final configuration), and
nose section.
The structural test of the 156-in.-diameter SRM includes all these com-
ponents ; in addition the motor case interface is evaluated with the other
structural components.
Testing to be performed on one or more of the components includes flex-
ibility testing, limit load test, and ultimate load tests.
3.6 DEVELOPMENT HARDWARE, TOOLING, AND TEST EQUIPMENT
3.6.1 Development Hardware
The development programs for both 120- and 156-in.-diameter SRMs require
the procurement of hardware for development static tests, PFRT static tests,
TT static tests, inert motor tests, and structural tests.
Because the 120-in.-diameter motor case has been qualified during the
Titan programs, no hardware is required; however, hardware would be required
for the 156-in.-diameter motor case qualification. Much of the SRM hardware
to be obtained for the static test program can be recycled.
\ • j
3.6.1.1 Static Test Motors (120-in. Diameter)
Four sets of insulated motor cases would be procured and used on the three
development static tests and one of the PFRT tests. After each static test,
the motor cases are cleaned by using a fine stream of high-pressure water to
remove the charred and residual rubber insulation. This is followed by
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acceptance tests including hydrostatic testing and NDT inspection of the welds.
The motor case parts are sent to the insulation facility to apply new insula-
tion. This operation was carried out very successfully in past Titan motor
static test programs. The recycled insulated motor cases are used for the
last three PFRT static tests and the TT test motor.
It is alsg planned to recycle the nozzle throat and exit cone steel
parts by removing the charred ablatives. This is accomplished in an oven
with a temperature that is high enough to break down the adhesive at the steel
bondline, but not high enough to affect the steel strength. The steel is
inspected thoroughly and returned to the nozzle facility to have new ablatives
assembled.
Based on the success of recycling other components during Titan static
test programs, it is planned to procure the following components for the first
four or five static test: mqtqrs for the shuttle program: cables, EBW electri-
cal system, batteries, transducers, ppw,er transfer switches, nozzle actuators,
actuator power supplies, and TT port covers.
Before reuse, each component is s.ubjected to refurbishment (if required)
and acceptance tested. The TT port covers are recycled with the motor case
hardware.
The following hardware must be new for each static test: ' motor case
insulation, nozzle ablatives,, no.zzle seal, igniter, EBW parts expended upon
ignition, and 0-rings and fasteners.
3.6.1.2 Inert Motor Set? (120-in. Diameter)
Depending upon the booster configuration (parallel or series burn 120-in.
diameter) 8 or 12 motors will be required for the two sets of inert boosters.
Enough 120.-in.-diameter motor case and igniter hardware, residual to the Titan
static test program, is available for 4 seven-segment motors; therefore, only
four or eight motor cases need to be procured. The rest,of the inert motor
hardware would be procured new. It is not intended to supply any firing
circuit components for the inert motors.
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3.6.1.3 Structural Test (120- and 156-in. Diameter)
The structural test is performed during the static test program; there-
fore, no motor case hardware is available for recycling for this test. Two
new closures and two new segments would be procured for this purpose.
3.6.1.4 Static Test Motors (156-in. Diameter)
Five sets of insulated motor cases will be procured and used on five of
the development static tests. As previously explained for the 120-in.-diameter
motor case, the motor cases are cleaned and recycled through the insulation
process. The recycled motor cases are used for the remaining two development
static tests, the five PFRT tests, and the TT static test.
The same components used in the 120-in.-diameter static tests are procured
and recycled for the 156-in.-diameter static tests.
3.6.1.5 Inert Motor Sets (156-in. Diameter)
All new hardware are procured for the parallel and series burn configura-
tions. No residual hardware is available in the 156-in.-diameter size.
3.6.1.6 Motor Case Qualification (156-in. Diameter)
Two closures and two segments from the first PFRT static test motor can
be recycled for the motor case burst test needed to qualify a new motor case
design.
3.6.2 Development Tooling and Test Equipment
The development program costs include the modification or provision of
new special tooling and special test equipment to support the space shuttle
SRM booster stage development. The requirements for the 120- and 156-in.
diameter SRM differ in some respects. The special tooling and test equipment
costs for the 120- SRM and 156-in.-diameter SRM assume the use of existing
tooling and test equipment when applicable to space shuttle booster SRM
requirements.
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Special tooling and special test equipment required or requiring modifi-
cation is identified for the following purposes: (1) TECHROLL seal nozzle
development and acceptance testing^ (2) system test cell tooling arid test
equipment^ (3) TVC electronic control unit and ordnance control and distribu-
tion unit manufacture and test, (4) propellant casting tooling, (5) structural
test tooling and test equipment^ (6) motor case hydrdburst test tooling,
(7) static test b'ay tooling and test equipment modification and hew equipment,
(8) trailer-mouriteid data system for it static test motor firing, (9) TT static
test motor firing test stand and tooling, (10) component qualification tooling
and test equipment, and (11) subscale test tooling;
The study costs for each of these categories of special tooling arid test
equipment were based ori the following assumptions:
A. TECHROLL seal ribzzle developmerit arid acceptarice test tooling and
special test equipment required includes a full-scale berich test
fixture with pressurizatiori dome, riozzle position measurement capa-
bility, arid control capability.
B. The existing system test cells would be modified to permit TECHROLL
seal nozzle and new ordnance electrical system testing. The required
modification consists of modified controls and tooling.
C. New TVC electronic control unit and ordnance control and distribution
unit manufacturing and acceptance test tooling and test equipment
was defiried arid cbsted.
D. Prdpeilarit casting tooling modifications required for the 120-in.-
diameter SRM development program are minor. The primary changes
would involve the existing aft closure mandrel. Process special
tooling costs were defiried using this approach arid making use of all
, •. • ' ' t- J- • - . • * * * * - •- ' *'•
existing tooling. Process special toolirig arid facility changes
required for the l56-iri.-diameter SRM are discussed in section 4.0.
E. Structural test tooling costs were developed making use of existing
uriiversal test fixture special tooling with modifications as required
to accommodate final aft support skiirtj forward support skirt, riozzle
and heat shield designs.
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F. Hydroburst tooling defined uses an existing stand and pressurization
lines for the 120-in.-diameter configuration and a new stand for the
156-in.-diameter configuration.
Static test bay tooling and test equipment costs were estimated on the
basis of using the existing vertical test facility for both the 120- and
156-in.-diameter SRM static firings. Modifications for the 120-in.-diameter
motor are for TECHROLL seal nozzle control side force, and EBW ordnance con-
trol and monitor capability. For the 156-in.-diameter motor configuration, a
considerably greater modification will be required including modification of
existing work decks and addition of work decks, addition of new thrust collector
rings forward and aft, new load cell/flexure arrangement, and extension of
aft end thrust takeout structure approximately 20 ft. These modification will
permit the 156-in.-diameter motor configurations to be tested in the present
test bay. Electrical J-boxes and wiring would also be relocated and extended
for the longer motor. All data acquisition requirements for both motor con-
figurations can be accomplished adequately with the existing corporate-owned
data acquisition system.
Additional costs were included in the study to provide a van-mounted data
system to be used for the full-scale TT system test. These costs were included
on the basis of performing the test at a facility similar to the Air Force
1-36A horizontal test facility at EAFB, which was specifically designed for
this purpose but no longer has data acquisition capability.
Test stand tooling for the full-scale TT test was also included as a
basis for the tooling costs. This tooling would be similar to that used for
the Titan TT static firing.
Tooling and test equipment for qualification of each of the components
discussed elsewhere in this section was costed in the development program.
Subscale test tooling for propellant characterization tests assumes the
use of existing tooling; however, subscale tooling to support subscale TT
testing was included as a basis for costing.
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3.6.3 Development Flight Test Motors
The development flight test motors of the 120-in.-diameter configuration
would be fabricated using existing facilities, procedures, and processes
developed during years of Titan SRM production and delivery. Shipment of
these motors to meet the required schedules can be accomplished with presently
identified and proven capability, thereby offering minimum risk to schedule
requirements;
Although representing a significant increase in size, production of the
156-in.-diameter development flight test motors would be performed using all
of the experience and skills gained from production of the 120-in.-diameter
SRM. All facilities and tooling required would be completed prior to develop-
ment flight test motor production, because they would be required for production
of static test motor hardware and other qualification hardware. Production
procedures and methods would be used to the fullest extent, minimizing changes
between development flight test motor production and initial production motors.
3.7 SUPPORTING RESEARCH AND TECHNOLOGY
3.7.1 HTPB Propellants
Propellants based on HTPB binders are rapidly coming to the forefront as
candidates for use in a variety of tactical and large rocket motor systems.
Interest in HTPB propellants stems from their potential low-cost; excellent
processing characteristics, permitting use of higher solids loading or high
levels of small particle AP; and improved physical properties at solids load-
ings equivalent to current PBAN and CTPB propellants. Exploitation of the
low viscosity of HTPB propellants has been in three areas: (1) higher solids
loadings, (2) improved mechanical properties at ordinary solids loading, and
(3) the achievement of wider burning rate ranges through greater flexibility
in the choice of oxidizer particle size distribution. However, the promise
of HTPB propellant has not yet been fully realized due to several problems:
(1) development of a completely satisfactory bonding agent, (2) adequate
control of cure chemistry, and (3) control of aging behavior.
As early at 1962, work was initiated on HTPB propellants at UTC and other
organizations within the propellant industry. The HTPB prepolymers used in
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early studies were either R-45M or small-scale laboratory preparations made
by various investigators by reduction of the carboxyl groups of CTPB prepolymers.
Although these earlier studies with HTPB were promising, problems with avail-
ability, reproducibility, and poor low-temperature properties (due to oxidizer
dewetting) kept the HTPB propellant work in the background. In addition,
polyurethane propellents based upon polyethylene and polypropylene glycol
were being abandoned in certain missile systems. Therefore, the major activity
within the propellant industry for the next several years was concentrated on
the development of CTPB propellant systems.
During the past 5 years, an improved R-A5M HTPB and additional HTPB pre-
polymers have become available commercially. Development activity within the
propellant industry has increased until HTPB propellant studies now dominate
most propellant research activities. This major interest in HTPB propellants
stems primarily from their favorable processing characteristics and physical
properties, especially at high solids loadings.
HTPB propellants have been formulated with 88% solids loadings for max-
imum specific delivered impulse and optimum mechanical properties. Other HTPB
propellants having solids loadings up to 92% have been formulated to maximize
density impulse.
Using the inherent low burning rate characteristics of HTPB propellant .
systems, burning rates of 0.22 in./sec at 1,000 psia have been achieved at
high solids loadings without the use of additives (burning rate suppressants)
that often degrade specific impulse or other propellant properties. Burning
rates up to 5.0 in./sec at 1,000 psia have been obtained using a variety of
techniques, principally UFAP with burning rate catalysts such as HYCAT-6 or
Catocene. The excellent processability of R-45M HTPB propellants permits use
of particle size blends and total solids loadings, which are not practical in
CTPB or PBAN propellants.
Mechanical properties of HTPB propellants are dependent on the prepolymer
employed in the propellant system. Compositions using R-45M as the sole HTPB
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prepblymer exhibit elongations at 76 F of up to 40% with tensile strengths
tip to iOO psi. Peak mechanical properties generally occur at test temperatures
o'f 0 to -40 F. It is possible to modify the properties of R-45M HTPB pro-
pillarits through the use of ariioriically prepared HTPB prepolymers such as
Bvitarez HT(S) or OH-Te'lagehj which are more nearly difunctibhal arid thus give
chain extension. Iri some systems elongations at 76 F of tip to 60% and greater
have been obtained. However, UTC experience has indicated that formulation
of HTPB propeilarits for optimum initial mechanical properties often results
in a compromise of the overall storage stability of the propellarit system.
In addition; the processing characteristics of the mixed polymer propellants
are slightly inferior to R-45M albrie. Therefore^ the highest solids loadings
achieved are obtained with R-45M as the only HTPB prepOlymer in the system.
While substantial progress has been made in the development of HTPB pro-
pellants, several problem areas ha've been identified during development pro-
grams. These problems mils't be sb'lved before the practical 'exploitation of
the full potential of HTPB can be realized. These problem areas include:
oxidizer-birider bond (dewettirig); reprbducibility of HTPB prepolymers, repro-
ducibility of cure (mechanical properties), pot life (primarily in intermediate
and high burning irate formulations) j and storage stability of propellant mechan-
ical properties.
It has been well established by various investigators that the use of
bonding agents is desirable with R-45M in HTPB prbpellant systems, particularly
for achieving 'optimum low temperature properties. Various approaches are
currently Being examined b'y several organizations under both IR&D arid direct
Government funding. Work at UTC has also iricluded a variety of candidate
bonding agents: fextensive investigatibris, both at UTC arid 'other facilities,
indicate that JMT-4 r'emairis as the preferred material. How'eve'r, further work
is needed to produce bbridirig agents having more reproducible properties with-
out significantly'affecting pot life or processability.
Most of the problem areas identified thus far in HTPB propellarit studies
relate to th'§ fcheihi'cal oehavibr bf binder. Extensive studies at UTC in basic
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binder chemistry have shown that homolytic reactions play a significant role
in the cure chemistry of HTPB propellants based on R-45M. This improved under-
standing of HTPB binders has resulted in the development of several techniques
to eliminate or control many of the unwanted side reactions. As a result,
there has been an improvement of processing characteristics,'initial mechanical
properties, and long-term storage stability.
Substantial progress has been made in the reproducibility of mechanical
properties and storage stability of HTPB propellants under a variety of expo-
sure conditions. However, further work is needed to bring this propellant
system to the same reliability, in-process reproducibility, and storage charac-
teristics as PBAN propellants.
Basic technology programs are required to complete propellant chemistry
development as discussed above. Satisfactorily solutions to these problem
areas will yield a propellant suitable for transition to large-scale batch
characterization for use in large SRMs such as the space shuttle booster.
Propellant development would then continue through the full-scale development
and PFRT firings.
3.7.2 TECHROLL Seal Nozzle
The TECHROLL flexible nozzle seal is a new technology item.currently under-
going development at UTC. This is included under supporting research and
technology because of its current development status. No significant technical
risk is .anticipated in advancing its state of the art for the space shuttle
application.
Current development activities at UTC are listed in table 3-1. The first
three of these tests have been conducted with complete success. The low-torque
characteristics of the seal and the load capability of the seal materials
were demonstrated as projected. The design deflection characteristics of the
seals were achieved, and nozzle deflection duty cycles were performed during
the hot firings. The hot-side seal protection or thermal barrier concepts
were also demonstrated satisfactorily with no degradation of the seal. The
first of the supersonic split-line designs was fired recently with apparent
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success. Basic operation of the concept was again demonstrated. Detailed
evaluation of the data is still in process.
The remainder of the testing listed is in the planning stage with pro-
duction of test articles in process.
Application of the TECHROLL seal to helicopter blade joints is also occur-
ring at UTC. Seals have demonstrated life limits in excess of 1,000,000 cycles.
The detailed TECHROLL seal development plan and its associated costs are
detailed in other sections of this report. The majority of testing, costs, and
schedule are devoted to qualification of the actuation system components. The
major cost item is the conduct of the necessary demonstration static tests.
Design, development, and production of the nozzle joint itself is a lower-
level effort which could be accomplished within 1 year for less than $1 million.
3.7.3 Recovery Technology
3.7.3.1 Introduction
Recovery studies for the SRM booster were conducted to determine the
feasibility of recovery and the savings in cost which could be applied to the
overall shuttle SRM booster stage. The SRM booster recovery studies were con-
ducted to define the technology of recovery and the costs for the basic series
burn and parallel burn configurations for 120- and 156-in. diameter motors.
The cost analysis was extended to reflect the requirements of the four NASA
mission models.
The economic benefits of SRM recovery are evident from the results of
this study; i.e., a cost saving of approximately $760 million can be realized
for mission model No. 1 (445 shuttle flights) by recovering major components
of the 156-in.-diameter SRM. A comparable cost savings of approximately
$800 million can be realized by recovering major components of the 120-in.-
diameter SRM.
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In 1963 and again in 1965, feasibility studies were initiated by UTC to
investigate the recoverability of SRMs. The study determined that the recover-
able booster concept was technically arid economically feasible. The present
study, presented in appendix III foir the 156-in.-diameter SRM arid appendix IV
fbr the 120-in.-diameter SRM, substantiates the original results.
Parachute recovery was selected as the most favorable method of retrieval
principally because this method ca'ri be developed with minimum development cost
and time, and the technology required is withiri the present state of the art.
Also, the required parachute system is withiri the present state of the art.
The weight of the expended booster is large (approximately 150,000 Ib for the
156-in.-diameter SRM) j however, the allowable terminal velocity is relatively
high (81 ft/sec) which allows parachute sizing withiri currerit manufacturing
capability. For iristahcej four inairi parachutes, each 120-ft in diameter, pro-
vide the desired rate of descent to water impact. Parachutes tip to 200 ft in
diameter have dembnstrated the feasibility of air drop of heavy loads; Alsoj
the parachiit6 deployment sequence used for SRM booster recovery is very similar
to that used iri other systems; i.e. ; Apollo.
3.7.3.2 Technical Plan
The objective of this study was to investigate the feasibility of recovery
in order to assess the ecbriomic benefits attained iri recovering and reusing
the SRM booster. The study conducted by UTC was further expanded to: (1)
formalize booster recovery requirements; (2) describe the applicable cbmponerits
of the recovery system'; (3) examine SRM design compatibility cdhsideratioris
including separation, atmosphere reentry, stabilization, chute deployment,
water impact, flotation; retrieval^ refurbishmerit; arid reuse.
In sa'tisyirig these objectivesi* a complete recovery system was defined
arid is described iri detail iii siibse'ctibri 1;4 of appendices III arid IV.
It is recommerided that a recovery system development program be initiated
to refine further the objectives stated above arid to conduct full-scale dem-
onstrations whicli would ittclude:
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A. Water impact tests
B. Flotation tests
C. Tests to evaluate the effects of salt water environment on SKM
components
D. Evaluation of protective coatings
E. Air drop tests of parachute system
F. Multiple hydrotest of 1200 series motor case segments and closures.
A development program, including the supporting cost data is included
in appendixes C and D. The development program schedule is presented in
figure 3-1.
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4.0 PRODUCTION
This section of the report defines the scope and cost assumptions involved
in the production program for the space shuttle booster SRMs. Production aspects
are discussed for both parallel and series burn configurations of the 120- and
the 156-in.-diameter SRMs. Discussion of manufacturing, materials, and processes
which were defined; assumptions used for production costs relative to leadtimes
and program span times; and facilities and tooling requirements for both UTC and
subcontractors is included.
4.1 GENERAL PRODUCTION PLAN
The overall production plan for the 120- and the 156-in.-diameter SRM in
either the parallel or series burn configuration was defined based on methods
which have been demonstrated over a period of 9 years of actual application to
production of five-segment SRMs for the Titan III program.
Some improved manufacturing methods have been defined; these changes repre-
sent state-of-the-art techniques which can be implemented with minimum risk.
Motor case hardware can be produced and insulated using processes.which are
similar to those presently used for Titan III hardware. Production of the
Techroll seal nozzle can also use proven materials and manufacturing methods.
Subcontract sources with demonstrated production capabilities ^ are available for
other SRM components and materials. Propellant processing, component and system
testing, and end item assembly methods and processes have also been fully demon-
strated for 120-in.-diameter SRM hardware. In-house production methods for
structural components such as the aft support skirt, the SRM/drop tank attach
hardware, and the nose section have been fully demonstrated and can be used for
both 120- or 156-in.-diameter motor hardware production.
The sections which follow provide additional definition of the manufacturing
methods and facilities and tooling required for the production program. The
effect of the various mission models on the production requirements is discussed.
Requirements for additional facilities and tooling are reviewed.
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4.2 MANUFACTURING, MATERIALS, AND PROCESSES
4.2.1 Motor Case for 120-In.-Diameter SRM
The 120-in. -diameter motor cases can be manufactured using the same proc-
esses and materials presently used for the Titan III SRMs. One weld on the
forward and aft closures can be eliminated by reducing the length of the skirts
that attach to the forward and aft skirt structures. This would reduce the
number of welds to one girth weld in the forward closure. Studies indicate
that the forward closure can be produced in one piece. Therefore, no additional
welding equipment would be required for the Space Shuttle Program. Because
welding is the pacing process, motor cases can be produced at a more rapid rate
than is currently possible.
4.2.2 Motor Case for 156-In.-Diameter SRM
The fabrication techniques for the 156-in.-diameter motor cases are similar
to those that have been used successfully for the 120-in.-diameter motor cases
currently in production. The size of the D6aC steel billets with guaranteed
chemical and physical properties is currently limited to 35,000 Ib. A 156-in.-
diameter motor case without welds would require billets with guaranteed chemical
and internal flaw properties and yield strengths in sizes up to 60,000 Ib.
Billets of D6aC steel are presently available in sizes up to 70,000 Ib; it is
probable that within the next few years, satisfactory properties can be guaranteed
after a few heats have been poured in that size.
The current size of the available billets limits the immediate possibility
of producing motor cases without welds. Therefore, in the early phases of the
Space Shuttle Program, segments would be made from two shear spun pieces with a
center girth weld. The forward closure would have a spun dome welded to a shear
spun cylinder, and the aft closure would be a one-piece spun dome.
4.2.3 Nozzle Actuation System
The movable nozzle type of TVC system has not been used on the Titan III
SRM, although actuators similar to those required have been previously developed
by the aerospace industry.
Two hydraulic actuators similar to the Saturn F-l actuators would be required
to move each nozzle. Some development will be required to provide a longer
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stroke and to improve and provide redundancy in the servomechanical system.
However, a leadtime of about 12 months should be adequate.
Redundant hydraulic power supplies of the type used on Spartan were selected
to power the actuators on each motor. These units use a gas generator-turbine
drive hydraulic pump. Manufacturers of current power supplies can be used to
produce units for the space shuttle booster SRMs, and the leadtime for develop-
ment and production has been defined as 12 months.
4.2.4 Motor Case Insulation
The raw materials presently being used for the Titan III Program can also
be used in the shuttle program. Two kinds of butadiene, acrylonitrile rubber
insulation will be used, one with silica fibers added and the other with silica
and asbestos fibers added. The latter is for high ablation areas.
Raw rubber can be procured from qualified suppliers in sheet form and laid
up in the segments and closures which have been previously primed with adhesive.
The amount of raw rubber for the maximum mission model has been determined to
be well within the capability of the rubber industry.
Tapewrapped ablative rings can be embedded in the rubber around the thrust
termination ports and the nozzle in the same manner as demonstrated during the
Titan III Programs.
4.2.5 TECHROLL Seal Nozzle
The same technique can be used to produce the nozzles for both the 120- and
156-in.-diameter SRMs. Production rates for the nozzle for the 120-in.-diameter
motor can be slightly greater because of the size and amount of material used.
The four structural steel parts used in the nozzle throat, and will be forged
D6aC steel, heat treated and machined before assembling the ablatives
The same ablative materials and tape wrapping and curing techniques used
for nozzle rings in the Titan III SRMs can be used; therefore, no new techniques
or materials have to be developed. The rings will be bonded together and then
bonded to the steel shells in the same manner as in the Titan III SRMs.
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Samples of each steel component and ablative ring will be tested to assure
continued adherence to production processes. Testing will include X-ray of each
ablative ring and ultrasonic inspection of critical adhesive bonds.
Fabrication of TECHROLL seal assemblies for 120- or 156-in.-diameter SRMs
is within the current capability of the industry. Only adequate production
mold tooling must be provided.
4.2.6 Ordnance Components
The same igniter used on the Titan III SRM can be used for both the 120- and
156-in.-diameter SRMs for the space shuttle booster. The three steel forgings,
the insulation, and the plastic parts can be produced at the rate of 120 per
year with existing facilities. No major impact on materials or tooling is
expected for higher production rates.
Existing staging motors can be used on the 120-in.-diameter SRM, and a
scaled-up design of the same motor could be used for the 156-in.-diameter SRM.
The EBW ordnance devices can be procured from existing qualified suppliers
of similar devices. The EBWs for the igniter and staging motor ignition device
and the linear shaped charges for the thrust termination systems can be procured
from suppliers of similar devices for Titan III or other vehicles.
4.2.7 Electrical Components
The number of cables per motor for both 120- and 156-in.-diameter SRMs is
considerably less than the more than 40 presently required for the liquid injec-
tion TVC system on the Titan III. The present supplier, is capable of producing
more than 600 cables per month; it is estimated that 25 would be needed for each
SRM. Therefore, the capability of suppliers qualified to meet the electrical
cable requirements for both the 120- and 156-in.-diameter is adequate to meet the
requirements for the highest mission model.
Two batteries in the aft end and one in the forward end are required for
each SRM. The present supplier can supply about 10 batteries per month; this
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production rate could be increased to 20 per month, which would support the
highest mission model for the 120-in. parallel burn configuration. Each battery
would require 16 troy ounces of silver, or a total of 720 Ib per year.
Two power transfer switches are required for each motor, to transfer from
ground power to booster power. Three pressure transducers in each motor are
required to monitor the motor chamber pressure. The current supplier for the
Titan III now has the capacity for producing 20 units per month, which is ade-
quate to support the highest mission model.
The UTC production capability for ordnance control and distribution and
TVC electronic units is adequate to meet the initial requirements of the various
mission models.
4.2.8 Attach Structures
The existing .manufacturing capability at UTC is sufficient for all attach struc-
ture components for a maximum of 48 SRMs per year without an increase in the
facilities. Methods and fixtures required to increase this capacity are well
defined. A discussion of the scope and basis for the tooling and facility expan-
sion necessary to meet the highest mission model is included in the tooling and
facility section.
4.2.9 Propellant Processing
The term propellant processing used in this study covers:
Lining of insulated segments and closures
Installation of casting tooling
Preparation of propellant ingredients
Mixing of propellant
: Casting of propellant into segments and closures
Curing and cooldown of the cast segments and closures
Removal of the mandrel and motor finishing
Raceway installation and painting . .: . , •
Assembly of nozzles/aft closures and assembly of igniters/
forward closures
Installation of forward staging motors and aft staging
rocket motor fairings
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All this work is presently being routinely performed for the 120-in.-diameter
five-segment SKMs used for the Titan III. A discussion of the facilities and
tooling expansion which would be required to meet the highest mission model
tor both the 120- and 156-in.-diameter SRMs is included in the facilities and
tooling section.
The propellant currently used for the 120-in.-diameter SRMs is a PBAN com-
posite propellant. The use of HTPB propellant was considered during this study,
and preliminary costs for quantity production were developed. However, PBAN
propellant was selected because of its adequate physical and ballistic properties,
its demonstrated aging capability in large SRMs, and because of the large amount
of processing experience which has been acquired. The assumption that HTPB
would be less expensive is not necessarily accurate if potential cost reductions
in PBAN ingredients are considered. In any case, the cost advantage of HTPB is
minimal based on current propellant cost projections. The following paragraph
describes the propellant processing techniques UTC uses for the Titan III SRMs.
A premix consisting of the PBAN binder, the aluminum, and other liquid
ingredients is prepared and accepted by quality control after which the burning
rate catalyst is added to the amount of premix required for the propellant batch.
The mix bowl is then transferred to the propellant mixer where the AP oxidizer
and curative are added during the mix cycle. At the completion of the mix cycle,
the propellant is then cast, under vacuum, into the prepared segment or closure.
Following cure and cooldown, the mandrel is removed, the segment or closure is
finished, potting compound is cast into insulation boots, raceway bases are
installed, and the component is painted. The unit is then ready for shipment
or, in the case of closures, subsequent assembly operations.
The propellant processing study conducted for the space shuttle booster
indicates that altitude, and vibration acceptance testing of components can be
performed in existing UTC facilities. Assembly of the TECHROLL seal/nozzle and
installation of the actuator/hydraulic power system, electrical cable, and TVC
electronic control unit can all be performed in existing facilities. The nose
section recovery control unit, ordnance control and distribution unit, and the
electrical cables would be installed in the nose section.
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Following completion of the nozzle and nose section assembly, these assem-
blies would be moved to the system cells for system acceptance testing using
existing data systems with modified controls and electrical interfaces.
After system acceptance testing, the nozzle assemblies would be moved to
the pack and ship area for subsequent assembly and shipment. Nose sections can
be shipped separately after staging rockets have been installed at the pack and
ship facility.
4.3 RATIONALE FOR PRODUCTION COSTS
The components requiring the longest leadtime from subcontractors are the
insulated motor case segments and closures. Depending upon the number of orders
the steel mills have at the time an order is placed, a leadtime or 3 to 6 months
is required to obtain ingots ;of D6aC steel.
The forging vendor requires about 2 months to cut the ingots into billets,
pierce and ring roll the billets for 120-in.-diameter segments and closures and
156-in.-diameter segments and forward closure cylinder sections. At the same
time, billets can be forged into large-diameter slabs for the 156-in.-diameter
closure domes and the segment preforms and closure slabs can be ground and
inspected for soundness.
During the next.2 months, segments would be shear spun to,final wall thick-
ness, sized, stress relieved, and the clevis joints rough machined. Forward and
aft closures would be forged, machined to final wall thickness, stress relieved,
and clevis joints and ports rough machined. Dimensional inspection, including
vidigage wall thicknesses, would also be conducted during this time.
Use of present facilities for the motor case would require a 2-week period
for shipping to the heat treat facility for 120-in.-diameter motor case segments
and aft closures for both 120- and 156-in.-diameter motors. The rest of the
components can be shipped directly to the welding facility.
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Welding of the 120-in.-diameter forward closure and the 156-in.-diameter
segments and forward closure would require 1 week. An additional week would be
heeded for nondestructive testing (X-ray and magnetic particle inspection), weld
repair (if required), stress relieving, and hand sanding the welds. Heat treat-
ment of the welded components requires another 2 weeks.
Following heat treatment, the components are final machined, which takes
about 3 weeks per segment and 1 month for both the forward and aft closures.
Another week is used for hydrostatic testing and other inspections before turning
the parts over to insulation processing.
Applying the rubber insulation takes 1 month for a forward closure or seg-
ment 1 and 2 months for aft closures. This includes insulation layup, autoclave
curing, machining, and final inspection.
A 12-month leadtime is required for producing insulated motor cases at
production rates. However, these operations will take longer when fabricating
motor case components in less than production quantities. For development, PFRT,
and other preproduction motors in the 156-in. size, the processes that have been
developed for the 120-in.-diameter motor case will require an additional 6 months.
Thus, a 12-month leadtime is required to produce 120-in.-diameter motor cases for
the development and production phases. At least an 18-month leadtime will be
required to produce 156-in.-diameter motor cases for the development phase; a
leadtime of approximately 12 months would be required for the production phase.
All other component leadtimes are less than those for the insulated motor cases.
4.4 FACILITIES AND TOOLING
4.4.1 UTC Facilities and Tooling
4.4.1.1 Propellant Processing
The existing facilities at the UTC Development Center is adequate for pro-
duction of 36 million pounds of propellant per year. This amount of propellant
would be sufficient to cast 60 120-in.-diameter SRMs or 30 156-in.-diameter SRMs.
The study was based on the assumption that this facility will be expanded to
produce 70 million pounds of propellant per year.
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The additions to the existing plant would be of the same or similar equip-
ment to increase the production rate. The following equipment would be added
to existing stations. -
Number
Facility Required Required
Hardware preparation station 1
Oxidizer preparation station 1i
Two mixer station duplicating existing station (second 2
station for backup)
Fuel preparation station 1
Finish and ship station 1
Paint station 1
Casting oven similar to existing medium in-ground ovens 1
Loaded motor storage : 1
Precasting preparation station (new) 1
A station to store and preheat units to casting temperature,
planned to reduce time required in casting ovens.
Curing station (new) 1
A station to eliminate time required to setup and operate
present cure containers and reduce handling.
Travelift mobile crane 1
Mixer bowls 3
/
Oxidizer carts 3
For propellant requirements beyond 70 million pounds, a new production
facility would be employed to meet the higher mission model requirements. Step-
wise expansion costs for this facility were included in the study cost estimates
based on the following requirements.
A. Propellant Production of 29 Million Pounds per Year
This estimate is for the motor processing portion of a new plant. The
concept was based on processing in the same or a similar manner as pre-
sently used for the Titan III SRMs.
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Number
Facility Required Required
Hardware preparation station 1
Hardware preparation station 1
Oxidizer preparation station 1
Mix station 2
Two are required to provide effective backup
at this production rate.
Fuel preparation station 1
Tool cleaning station 1
Finish and ship station - 1
Paint station 2
Strip .and trim station 1
Casting station 1
Loaded motor storage station 1
Precast station 1
A station to store and preheat units to casting
temperature to reduce time required in casting ovens.
Curing station 1
A station to eliminate time required to setup and
, operate present cure containers and reduce handling.
Mobile crane, equal to 50-ton Travelift crane 1
Mixer bowls 3
Oxidizer carts 3
Material handling vehicles (tugs, forklifts, etc.)
B. Propellant Production of 77 Million Pounds per Year
This concept was based on a plant operating in a manner similar to the
UTC Development Center. The required production rate can be met by pro-
viding the necessary multiples of stations and equipment.
Number
Facility Required Required
Hardware preparation station 1
Hardware preparation station 2
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Number
Facility Required Required
Oxidizer preparation station 2
Mixer 3tation 3
Tool cleaning station 1
Finish and ship station 4
Paint station 4
Strip and trim station 2
Casting oven 2
Loaded motor storage station 2
Precast station 1
A station to store and preheat units required
in casting ovens.
Curing station 1
A station to eliminate time required to setup and
operate present cure containers and reduce handling.
Mobile cranes, similar to Travelift 2
Mixer bowls, similar to 500-gal. bowls 6
Oxidizer carts, similar to 500-gal. carts 6
Material handling vehicles (tugs, fbrklifts, etc.)
These requirements are additions to the requirements for production of
29 million pounds of propellant per year.
C. Propellant Production of 180 Million Pounds per Year
This concept embodies a scaleup of presently used facilities, with certain
changes to take full advantage of economy of scale. The mixing technique
can be essentially the same as at present, with the mixer capacity in the
range of 100,000 pounds per batch. The turnaround time for such a mixer
is estimated to be less than 4 hr. A mixer of this size will contribute
greatly to uniformity of product (one batch compared to eight at present)
and substantially reduce the amount of quality control analysis necessary
for qualification. Similar scalar economy will be sought in the areas of
oxidizer, fuel, and liner preparation.
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Number
Facility Required Required
Hardware preparation facility capable of handling 1
four motor units per shift (three shifts per day)
Oxidizer preparation facility capable of handling 1
280,000 Ib of oxidizer per shift (three shifts per day)
Fuel preparation facility capable of handling 120,000 Ib 1
of fuel premix per shift (three shifts per day)
Mix station with capacity of 100,000 Ib per batch and 4-hr 2
turnaround
Tool cleaning station 2
Casting and curing facility capable of handling four motor 1
units per shift (three shifts per day)
Stripping and trimming facility capable of handling four 1
motor units per shift (three shifts per day)
Storage facility, loaded motor, with a capacity for one month's 1
production (270 motor units)
Painting facility, loaded motor, capable of handling 1
four motor units per shift (three shifts per day)
Finish and shipping facility, with capacity to handle 1
four motor units per shift (three shifts per day) plus
temporary storage for packaged units in quantity required
for one shipment
A high capacity conveying system (rail, etc.) to move units 1
between stations with a minimum of delay. This system would
also handle propellant containers and ingredients such as
oxidizer
These requirements represent total requirements to meet the maximum mission
model with an initial requirement to produce 180 million pounds of propel-
lant per year in addition to 70 million pounds in California.
4-12
4.4.1.2 Tooling for 120-In.-Diameter SRM
The tooling required for the 120-in.-diameter SRM was based on providing
tooling, which duplicates present tooling, in sufficient quantities to meet the
production schedules. Because almost all process tooling is directly related to
motor production rates, the relationship between production rates arid quantities
of tooling was assumed to be linear except as below. Adequate tooling is avail-
able to produce motor units at a rate of approximately 16 units per month. The
1972 cost of the existing tooling is approximately $3 million. As the production
quantity increases, certain economies of scale are possible, and each succeeding
increase in quantity will result in a total cost decrease of approximately 10%.
This cost decrease results partly from the fact that there are some nonlinear
items in the tooling inventory and partly from the quantity being manufactured.
No departure from present tooling is contemplated, except in motor handling
equipment for the higher production rates where more.sophisticated handling
systems will be cost effective. In any case, only state-of-the-art equipment
and techniques would be employed. The approximate overall quantity increments
are shown below.
Percent of
Present Quality
188
375
563
1125
1688
4.4.1.3 Tooling for 156-In.-Diameter SRM
Process tooling for a 156-in.-diameter SRM would closely resemble the exist-
ing tooling for the 120-in.-diameter SRM. The motor concept on which the tooling
is based is a five-unit motor, with three segments approximately 26 ft long, a
forward closure approximately 24.5 ft long, and an aft closure approximately
10.5 ft long. Process tooling would provide for spray lining, vacuum casting,
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SRMs
per
Year
14
40
80
160
240
360
Units .
per
Year
98
360
720
1440
2160
3240
Units
per
Month
8+
30
60
90
180
270
mandrels to form the net bore configuration, stripping, trimming, sealant appli-
cation in insulation boots, motor assembly, and packaging and loading. Because
of the large size and weight of a motor unit, (segment weights in the 300,000
to 4-00,000-JLb range) special handling equipment would be constructed to handle
the units whenever an overhead crane or special rail car was not available.
Inverting equipment would be provided to allow work on both ends of units and
to assure shipping in optimum position. Quantities and costs were estimated
based on the tooling and equipment required for the 120-in.-diameter SRM. The
156-in.-diameter SRM weigh 1.65 times more than a UA-1207 SRM. The tooling
cost is estimated to be linear; therefore, the cost and quantities of tooling
are estimated to be 1.65 times greater than for the UA-1207 SRM. A reduction
of 10% of total cost is possible for each increment of production. Approximate
overall quantity increments are shown below.
SRMs Units Units
per per per
Year Year Month
20 100 9
40 200 17
80 400 34
120 600 50
180 900 75
Tooling quantities, costs, and configuration are approximately the same regard-
less of the location at which the motors are produced.
4.4.1.4 Attach Structure
The facility and tooling costs for fabrication of attach structures and
associated hardware were based on optimizing total production costs for varying
production rates. For production of components for either the series or parallel
burn configurations of the 120-in.-diameter SRM, existing facilities and tooling
can be upgraded and new facilities and tooling added to meet planned rates of
approximately 60 sets of attach structures and associated hardware per year.
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For fabrication of the parallel burn 120-in.-diameter attach structures
(four per launch vehicle), present facilities and tooling can be upgraded to
meet this production rate on a two-shift basis with a partial third shift.
Rearranging existing areas would require expansion of the machine shop and sheet
metal shop and would allow backup equipment (primarily mills and lathes) to be
added. Some additional floor space and added equipment would be required in the
heat treatment, bonding, and processing areas. Added storage for in-process
parts would also be necessary. Assembly areas can be increased to provide room
for assembly of the forward thrust skirt.
Tooling requirements for this configuration and rate include modification
of the existing nose cone assembly fixture to accommodate a relocation of the
staging rocket motor fairing. Minor assembly fixture changes would be required
because of the slight changes in configuration of the aft skirt, aft staging
rocket fairing, and the forward attach ring. A new assembly fixture would be
designed and fabricated for assembly of the forward thrust skirt. In addition,
new tooling would be designed and built to fabricate newly designed components
for the previously mentioned assemblies. A very small amount of duplicate tool-
ing would be needed to meet a production rate of 40 motors per year. In most
cases, man loading and added shift work was determined to be sufficient to meet
production needs with existing tools.
Increasing the production rate of the parallel burn 120-in.-diameter SRM
or 240 sets of attach structures and associated hardware per year requires a
completely different concept of fabrication. Economical production of these
quantities in existing facilities, or with added area, is not feasible. A
production facility would be designed with emphasis on material flow and handling
and easy maintainability of equipment and tooling. Fabrication, assembly, and
storage areas would be integrated into one large area or several smaller adjacent
areas connected by permanent overhead handling or conveyor equipment. Although
varying rates will somewhat affect the economics of the proposed tooling versus
facility mix, most of the fabrication operations would be designed based on
numerically controlled machining equipment with a minimum of hard tooling and
fixtures. Numerically controlled vertical boring mills and drilling machines
would be used to fabricate forward attach rings, aft skirt rings, and forward
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thrust skirt rings from purchased forgings. Numerically controlled and some
conventional fabrication equipment would be necessary to manufacture the lugs,
clevis joints, rings, and adapters. Likewise, internal steel heat treat,
stretch forming, spinning, rolling, and similar capabilities would be developed
as production rates dictate. The chemical processing and painting facilities
can include a conveyor system to best utilize personnel skills in these areas.
Furthermore, to meet the expanded and more sophisticated requirements of numeri-
cally controlled machining and drilling operations, a significantly larger tool
shop, tool grinding and equipment area, and other support functions can be
provided in the same manufacturing complex.
Assembly concepts can be changed to feature imprpved throughput methods.
The aft skirt and forward thrust skirt can be assembled on special pallets in
specifically designed numerically controlled drilling and riveting machines.
This specialized tooling assembly concept would provide the best manpower utili-
zation and flow of components and finished hardware. The nose cone can also
be transferred on a palletized work station through a series of automated sub-
assembly and assembly stations using specialized tooling. Because of the number
of parts and the span time, the most economical means of accomplishing this
assembly work would be through several progressive drilling and riveting machines
instead of through a number of more complex parallel ones. Assembly of the aft
skirt staging rocket motor fairing, the TVC fairing, and the nose section fairing
are not adaptable to this method of fabrication and would require multiple jigs
similar to those in use today. Other tooling costs result from duplication of
detailed tools or assembly fixtures necessary to meet increased production rates.
Facilities and tooling concepts for fabricating and assembling attach
structures and associated hardware for the series burn configuration of the
120-in.-diameter SRM are similar to those described above. Fabrication of up
to 60 motors per year could be accomplished in the existing facilities but would
require a full three-shift effort. Facilities and tooling costs would be signi-
ficantly higher than for 40 units per year for three reasons: (1) a large quantity
of fabrication tooling and equipment must be duplicated to meet the higher pro-
duction rates, (2) there are two additional major structures required for this
configuration. Larger floor space, added equipment and new tooling is required
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to make the forward and aft attachments and the large interstage structure.
The third reason is that additional floor space is required for the 50% increase
in throughput.
For production rates of 120, 240 or 360 sets per year of the series burn
attach structure, the plan would be similar to production of the parallel units.
«
Generally, these components and assemblies can also be fabricated on numerically
controlled machines or on special numerically controlled drilling and riveting
machines. This same method can be used to fabricate the forward and aft attach-
ments. Because of the large size of the interstage structure, it must be fab-
ricated in sections sized to allow transportation to the launch sites. Each
section can be assembled on pallets using a numerically controlled drilling and
riveting machine in a similar manner to the skirts described earlier. Other
facilities and tooling can be essentially the same as for producing comparable
quantities of parallel burn attach structures.
The 156-in.-diameter series or parallel burn attach structures and related
hardware are similar to those for the 120-in. series or parallel burn configura-
tions in all respects but size. All of the tooling now used for fabricating and
assembling 120-in. parts and assemblies will be obsolete. As a result, plans
for building the structures for the 156-in. SRM must include replacement of all
tooling, facilities, and equipment now used for building 120-in. attach structures.
If existing facilities and equipment are not being used for production of
Titan III C/D structures when shuttle program production begins, a portion of
these facilities could be utilized for these purposes, thereby partially cutting
the estimated facility costs. However, because of the size increase in all parts,
the existing assembly area could be utilized only partially at rates of 20 or 30
SRMs per year and not at all above those fates. In any case, at least 95% of
the 120-in. tooling would not be usable.
The facility and tooling costs are based on furnishing a new integrated
production facility and equipment for all rates of production of either series
or parallel burn configurations. Equipment and tooling would be oriented more
toward general purpose equipment and hard tooling (present type of jigs and
fixtures) at lower production rates, changing to numerically controlled equipment
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and specialized palletized assembly jigs at higher rates with the emphasis on
economic considerations. Because of shipping envelope size limitations, many
of the large assemblies would be shipped in sections, which would require addi-
tional tooling at the larger production rates.
In summary, existing facilities and tooling are adequate to meet the pro-
•
duction rate required for the lower mission models. The expansion required to
meet tht highest mission model requirement can be accomplished.
4.4.1.5 Test Facilities
Additional floor space and test capability could be required in the environ-
mental acceptance test area to accommodate the rates of the higher mission models.
These expansions would consist of the addition of test carts, vibration test
capability, and expansion of temperature/altitude chamber capacity.
Other minor expansion would be required for parts storage to meet the higher
mission models. Some additional floor space would be required for nozzle and nose
section assembly at the higher mission model rates.
Present system test cell capability will accommodate 150 SRMs per year on
a three-shift basis of the above expansions are implemented for environmental
acceptance testing of components and parts storage and assembly.
In summary, the electrical/electronic component manufacture, nozzle/nose
section assembly, and system test would require relatively minor expansion of
facility tooling and test equipment to meet the requirements of the highest
mission model.
4.4.2 Subcontractor Facilities and Tooling
4.4.2.1 Motor Case
The 54 million pounds of D6aC steel required for the highest mission model
over a 10-year period is well within the capabilities of the steel industry.
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Present facilities and tooling are adequate to produce 20 seven-segment,
120-in.-diameter motor cases per year. Elimination of the pacing process,
welding, would permit an increase in production rate, to 25 motor cases per year.
Assuming a Titan III production rate of 14 motor cases per year, the present
tooling and facilities could produce 11 motor cases per year for the 120-in.-
diameter SRM for the space shuttle booster.
To reach the quantities of motor case hardware required for up to 60 series
burn launches per year, additional facilities and tooling required.would include:
One normalizing furnace for every increase of seven launches per
year
One segment spinning machine for every, increase of fifteen launches
per year
One vertical lathe for every increase of two launches per year
One Baker drill for every increase of two launches per year
One hydrotest facility for every increase of two launches per
year
One magnetic partical inspection machine for every increase of
four launches per year
Enough new machinery can be housed in the present buildings to provide
120-in -diameter motor cases for six serie£ burn or nine parallel burn launches
per year with a leadtime of 18 months to reach these rates. Rates beyond these
will require new buildings commensurate with the quantities and a 24-month
leadtime.
Based on the shear spinning arid welding equipment presently being used on
the 120-in.-diameter motor cases, new spinning and welding equipment and tooling
would have to be designed and fabricated for the 156-in.-diameter SRM. Heat
treating facilities for the 156-in.-diameter segments and forward closures are
very limited; therefore, new pries would be required. Machining facilities also
would have to be increased, and- machining tooling and master tooling would, have
to be designed and fabricated. Tape-r'eontrolled machinery would be used wherever
possible.
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X-ray and magnetic particle inspection equipment is available but would
have to be expanded for a larger motor and larger quantities. Hydro-static
test bays are available, but new test tooling would be needed. Self-propelled
handling equipment can be used to move components from station to station.
Twenty-four months would be required to provide facilities for producing
156- in. -diameter motor cases for 10 launches per year of the parallel burn
configuration. For each increase of the launch rate of 10 per year, another
set of facilities would be necessary to produce motor cases. The present
120-in. -diameter motor case supplier would have to expand his building capacity
to allow for production of 156-in. -diameter SRMs in addition to the on-going
Titan III production.
4.4.2.2 Nozzle
New special tooling would be required for both the 120- and 156-in. -diameter
nozzles. Tooling for forging, heat treating, and machining would be designed
and fabricated for the four steel components. Tapewrapping mandrels, bonding
fixtures, and contour machining tooling would be needed to produce the ablatives.
Plant facilities and machine tools currently available are adequate for producing
20 nozzles per year. A higher production rate would require additional vertical
lathes, hydroclaves, mandrels,- bonding fixtures, and machining tooling. Expan-
sion of building space. would also be required.
The amount of steel and the heat treat capability required for production
is not significant enough to tax the present facilities for the 120-in. -diameter
SUM nozzle.
4.4.2.3 Motor Case Insulation
,^
The tooling and facilities required for motor case insulation are large
autoclaves, hydroclaves, dam rings, fixtures for holding the 120-in. segment
restrictor, lathes and process stands. Tooling. is currently available for pro-
ducing insulation for 120-in. -diameter motors at the rate of 20 per year. For
a higher rate of 120- in. -diameter SRMs and for 156-in. -diameter SRMs, additional
tooling would be required.
•
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The facilities and tooling required to produce cables are not a major
concern; therefore, an increase in production rate would not be a major expense
or require a lengthy leadtime. Meeting the highest mission model, is not a
significant concern because the industry capacity is adequate.
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5;0 OPERATIONS
The operations analysis was performed considering the total factory-to-
iaurich sequence. This approach permits the total system analysis of all require-
ments from' production through launch arid provides for determination of manpower
requirements,- facility requirements, ground equipment requirementsj logistics
systems, and s'ystems cost fo'r all configurations and mission models.
5.1 ANALYSIS SUMMARY
The factory-to-launch concept was divided into the following three areas:
A. Part I - System' Transportation Requirements
This describes the overall system transportation system and associated
requirements from the production facility to delivery at the receiving
facility of the designated launch base;
B. Part II - Logis'tics Support System"
This describes the overall system logistics requirements associated
with both launch site activities and factory refurbishment.
C. Part III - La'urich' Site Operations
This describes the pla'rmed' launch site operational functions, including
details associated with equipment, facility, arid manpower requirements.
5.2 SYSTEM TRANSPORTATION' REQUIRBMENTS
UTC has been transporting 120-16';-diameter SRMs to btfth ETR and VAFB for
several years. An examination of the existing transportation system revealed
that the present mode of operation could satisfactorily support all configura-
tion and mission model fequifenferits. Tne" present transportation system is
described to provide an' u'n!dersJtariding Sf. its' inherent simplicity and adapta-
bility to the various •configurations coric'erried.
Upon completion 6'f manufacturing processes at th'e production facility,
the major components (i.e.; segments/ forward Sections,' arid aft sections,) are
placed in shipping corita^inler-s arid loaded ab'oafd h^av'y-duty loboy truck trailer
rigs for transport to' the nearby railhead. Using heavy-duty mobile cranes,
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these components are loaded aboard specially designed shock mitigating trans-
continental railcars for rail shipment to the launch base receiving facility.
No environmental controls or equipments are required during this overland
shipment.
Upon arrival at the launch facility, the live components are offloaded and
the transcontinental railcars along with empty shipping containers are returned
to the production facility for use in subsequent shipments. All structural and
inert components are shipped via conventional modes in appropriate shipping
containers, as required, to meet packaging requirements.
This transportation, system has been used successfully in moving 120-in.-
diameter SRM components to both the east and west coast facilities. The trans-
port of 156-in.-diameter components can be accomplished in the same fashion,
except that larger shipping containers must be used.
5.3 LOGISTICS SUPPORT SYSTEM
Upon examination of the existing logistics support system, considering the
configurations and mission models being studied, it was concluded that these
proven techniques are readily adaptable to supporting operational systems
requirements. The design of the SRM in any configuration provides for minimum
logistics support requirements. Ease of maintenance is facilitated by systems
verification during component acceptance at the production facility and by
using the "black box" remove and replace technique at the launch facilities.
It has been established that maximum mission support can be achieved by
providing logistics spares at the launch facility and returning malfunctioning
components to the factory for repair. This approach substantially reduces
launch base manning requirements and avoids the duplication of maintenance and
test facilities there that are available for such work at the factory.
Additionally, this concept contributes significantly to the reliability
and quality assurance of repair functions because components being processed
through the maintenance facility are restored to their original specification
condition. The same acceptance procedures and equipments are used to re-
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establish the operational integrity of repaired components that are used to
accept originally produced items.
A part of the logistics system to assure system integrity is the development
and control of all launch base operational procedures as formal released engi-
neering data. All procedure changes resulting from either configuration changes
or desirable operational changes are similarly controlled. The logistics dis-
ciplines of maintenance, spares, transportation, and procedures are integrated
with and controlled by the overall system configuration management discipline.
5.4 LAUNCH SITE OPERATIONS
This procedure consists of the receipt, subassembly, and assembly of
separate verified components into a complete SRM. The basic factors which
necessitate this procedure ate the large sizes and masses of the various SRM
components, plus the necessity to transport these components on publicly-owned
and governmentally regulated systems.
Existing SRM facilities and equipment at the Titan III ITL area at KSC
are inadequate for even the minimum specified flow rate of 120-in.-diameter
SRMs, and incapable of accepting the 156-in.-diameter SRM without extensive
modification to structures and equipment. Hence, the required flow rate can
be best obtained by the construction of simple masonry shell buildings at KSC.
These facilities do not need to be air conditioned since environmental control
of the SRM components is not required. The buildings are adequate for personnel
and equipment protection and continued operations in inclement weather.
All receiving, storage, subassembly, and support tasks are performed in
buildings located in close proximity to each other. This minimizes transit time
between locations, a necessity when the high-rate, high-density options are
considered. The overall operational philosophy followed can be visualized as
a funnel with the components and support hardware and software flowing in and
completed SRMs flowing out of the spout. This concept illustrates the con-
trolled application of the assembly and test process without bottlenecks. The
highest rate option (360 SRMs per year) translates to 1 seven-segment SRM per
calendar day, or in terms of loaded components, one component each 38 1/2 min
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on a single-shift, 5-day week basis. The operational concept discussed in
this study shows this rate to be entirely feasible.
The launch site operational concept is shown, in general terms, in figure
5-1. Loaded components and large containers of attach structures and mechanical
hardware are received at the train turnaround site. Inert components and other
common materials are received at the booster support site. The SRM segments
are moved directly from the train turnaround site to the component storage site
until they are needed for SRM assembly operations. A receiving inspection is
performed during this interval to verify the absence of shipping damage.
The SRM aft and forward closures and the structural items required to com-
plete the aft and forward section subassemblies are moved to the end section
subassembly building. The end sections are assembled, oriented as required
for motor buildup, moved either to the component storage site or to the
booster assembly area in the VAB as required by the real-time scheduling con-
siderations .
Booster components are transported oh GSE flatbed transporter dollies
pulled by wheeled tractors (tugs). They are delivered to the booster assembly
area at a rate to support bridge crane rates. Buildup proceeds on a parallel
basis, as a tier function, so that the separate booster SRMs are completed at
virtually.the same time. Control and instrumentation cables are installed,
the booster is connected by electrical support equipment to the launch pro-
cessing system, and an automated booster verification test is accomplished.
Booster batteries, previously activated and processed, at the booster
support site, are installed and verified. The booster is then presented to
the customer for formal acceptance. This is, in general, the culmination of
a continuous documentation review and' approval process which has been con/-
ducted since component offloading.
After acceptance, the booster is ready for orbiter mating, with all struc-
ture and adapters assembled to the defined orbiter interface points.
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Orbiter mechanical mating is followed by electrical mating and integrated
power-on checks. An integrated instrumentation system test verifies the integ-
rity of the SRM instrumentation playing through the orbiter signal conditioning,
processing, and transmitter equipment. The remainder of the effort constitutes
booster support of specified, integrated, and total vehicle testing.
Booster verification is followed by installation of booster separation,
ignition, and thrust termination ordnance items. The booster is then trans-
ported to the launch pad. As in integrated VAB testing, this effort consti-
tutes support of specified integrated Vehicle testing. No SRM-peculiar tests
are required. All booster operations are carried on in parallel with other
vehicle functions, thereby minimizing on-pad time. Completion of a successful
AOT leads to prelaunch preparations. This consists of electrical connection
to the ordnance components previously installed.
i
5.4.1 Quality Assurance Operations
The reliability and quality assurance requirements for the SRM booster
flight test operations will be in accordance with NHB5300.5 (IB), NASA Quality
Program Provisions for Contractors.
A receiving inspection will be performed on all booster components at the
time of their arrival at KSC. All work efforts associated with subassembly,
assembly, and test operations will be accomplished in strict accordance with
written quality assurance approved procedures. All quality assurance required
"buy point" procedural tasks will be witnessed and accepted by an inspector.
Documentation and data derived from or utilized in functional operations
will be maintained, on a controlled basis, in the quality and reliability data
library. This will include, but not be limited to, completed and accepted
procedures, serialization records, time/cycle records, nonconformance documenta-
tion, failure analysis reports, personnel certification listings, calibration
records, and component specification certifications.
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5.4.2 Support Documentation
Booster program support and requirements 'documentation is formulated in
accordance with specific standard formats. The launch site documentation
support group acts as the centralized interface to relate contractor internal
drawings, specifications, and requirements documents to the established cus-
tomer system.
5.4.3 Operational Facilities
An unsealed plan view of the SRM receiving, storage, and su'bassembly
area is presented in figure 5-2. Overall operational efficiency is
enhanced by centralizing the separate functions into a compact area. The
existing railroad track from Wilson t6 the VAB can be used by adding a short
spur line of standard construction into the SRM area. Because of the high flow
rates, a roadway, between the SRM area arid the VAB separate from present roads,
will be required for total operating capability. The roadway (uncrowned) should
have a minimum width o'f 25 ft for the 120-in.-diameter SRM components and 30 ft
for the 156-in.-diameter SRM components to permit dolly passing clearance.
Location of the SRM area, wittiin KSC boundaries, depends on proximity to exist-
ing facilities and qua'ntity-distarice requirements for Class II propellahts.
The 1.5-mile railroad track permits movement o'f components either directly
a
 ' iinto the train turnaround site or onto sidings for temporary holding while the
site is in use. It also provides turnaround capability for re,turn of shipping
GSE to be used for subsequent shipment.
5.4.3.1 Train turnaround Site
, \ - j ',. . i , * • i • '
This site consists of a coVered rtia'sotiry shell b'uildin'g, rail siding area,
and associated roadways. The building contains the following features:
A. Overhea'd Bridge' Cranes
Covers full length of building, with insulated hooks, pendant
controlled, with 40-ft minimum hook height.
5-7
cct
<u
•H
-I
<u
CO
CO
CB
J3
3
CO
T3
§
O
4-J
CO
60
C
O)
O
O)
erf
CO
CM
I
LO
00
•H
5-8
B. Shop Air System
Allows for IQOrpsi minimum service, and outlets are recessed in the
building floor approximately every 30 ft along the building centerline.
Outlets should have quick-disconnect couplings located approximately 15 ft
from rail track centerline.
C. Grounding System
Grounding points should be spaced similarly to the air system quick dis-
connects and may be in the same recess.
D. Architectural Details
The building has walls, appropriate lighting, toilet areas, lunchroom and
smoking area, and a small office space. The rail line passes through the
center of the building along the longitudinal centerline. A roadway
(i.e., reinforced floor area) is placed next to one side of the rail line.
Sliding doors (preferably motor operated) are placed at each end of the
building to allow access to roadway area and rail line. The building con-
tains adequate emergency exits and roof air circulating vents.
The rail siding area contains spurs with adequate lengths to accept full
booster shipments, paved areas to allow inert components unloading, lighting
and grounding systems with ground points spaced approximately in the same
manner as inside the buildings and an air system, 100 psi minimum service, with
quick-disconnect couplings spaced alpng the track in the same manner as inside
the building. ,
5.4.3.2 Component Storage Site
This site consists of a large covered building and associated roadways.
The building contains a grounding system .consisting of a grid network of
grounding points recessed in the building floor, laid out based on diagonal
parking of components on transporters, mo.tpr operated sliding doors across
two opposing ends of building (laid out to provide access to aisles), and a
concrete floor capable of supporting two bppsters, and explosion proof over-
head lighting.
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5.4.3.3 End Section Subassembly Building
This site consists of a large rectangular covered building and associated
roadways. The building contains the following features:
A. Overhead Bridge Cranes
Covers the full length of building, except over the office area, with
insulated hooks having pendant control. The minimum hook height is 50 ft
(60 ft for 1563 parallel burn end section subassembly).
B. GN2 System •
Allows for 200-psi service, with recessed quick disconnects in the floor
at edge of crossing roadways, approximately on building centerline.
C. Shop Air System
Allows for 100-psi service, with recessed quick disconnects in floor at
same location as GN_ service.
D. Grounding System
Grounding points are at the same general locations as GN_ and shop air
quick disconnects and may be in the same floor recess.
E. Architectural Details
The building has office space of approximately 45 by 40 ft including
toilets, lunch and smoking room, and tool crib. These are reinforced
floor sections, which allow passage of dolly mounted components. Motor
operated sliding doors are provided on each side of the building to pro-
vide roadway access. There are doors at each end of the building to pro-
vide access for structures and loose hardware.
5.4.3.4 Booster Support Site
This site consists of a building, with associated roadways, which con-
tains shop, maintenance, tool crib, stores, spares and other supplies, a
shipping and receiving area and the necessary administrative and support area.
Inert SRM components such as mechanical attach structures, adapter section
components and electrical cables, are received at the booster support site.
Adapter section assembly is accomplished, and the adapter is placed on dollies
for transport to the VAB assembly area.
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The building is of masonry shell construction. Sliding doors at each end
permit easy ingress and egress of material and equipment. Three bridge cranes,
pendulum controlled are used, to lift and reposition equipment, parts and GSE
within the open bay areas. A lean-to .contains labs, offices, restrqoms and
lunch areas.
5.4.3.5 VAB Mechanical Facility
Requirements consist of access platforms in the assembly bays. The plat-
forms provide 360 access to the SRMs at approximately 10-ft intervals for the
120-in.-diameter SRM and at approximately 26-ff intervals for the 156-in.-
diameter SRM. The platforms are power operated insofar as possible; however,
platform extensions placed and secured by hand are required for SRM cluster
configurations. The platforms are capable of supporting at least eight men
equally spaced around an SRM.
5.4.4 Ground Support Equipment
The GSE used for SRM operations and launch site maintenance can be categor-
ized generally as ground handling equipment and electrical support equipment.
The concepts of operation which the various end items support are extrapolations
of existing modes of operation. The scaleup of items for use with the 156-in.-
diameter SRM present no problems and remain within existing state-of-the-art
techniques of design and fabrication.
Table 5-1 lists the 83 items required for operating the SRM system and
shows their nomenclature and general use.
The GSE used to handle, assemble, transport, load; ship, and perform all
other operations is being designed for easy operation and maintenance. UTC
experience indicates that complex handling equipment is not required. There
are no other automated expensive program controlled items. Instead, the
emphasis is on well conceived simplistic mode items.1
 - • • • - .7 • ' • • *• v • " • ' * • • -• •
The electrical support equipment includes equipment necessary to charge
batteries, test ordnance devices, interconnect with a launch processing system
for the total vehicle and to perform fault isolation of discrepant subsystems
5-11
if encountered. Included in the electrical support equipment items (Nos. 68,
69, and 70) are the launch support consoles that are presumed to be integral
to the launch control center itself.
TABLE 5-1
PROPOSED GSE ITEMS LIST
(Sheet 1 of 5)
Item No. Nomenclature
01 SLING, HOISTING, LOADED COMPONENT
02 ADAPTER, SHIPPING-HOISTING, AFT
SECTION
03 ADAPTER,. SHIPPING-HOISTING, FWD
SECTION
 ;.
04 SLING, HOISTING, SEGMENT-CLOSURE
CONTAINER
05 SLING, HOISTING, HORIZONTAL CRADLE
06 SLING, CRADLE COVER
07 CRADLE SET, SRM SEGMENT SHIPPING
08 CRADLE SET, SRM FORWARD SECTION
SHIPPING
09 CRADLE SET, SRM AFT SECTION
SHIPPING
10 SLING, HOISTING, CRADLE SET
COMPONENTS
11 CRADLE INVERTING SET
12 CONTAINER, SHIPPING, SEGMENT
13 CONTAINER, SHIPPING, FORWARD
SECTION
14 CONTAINER, SHIPPING, AFT SECTION
15 SLING, HOISTING, STRUCTURES
CONTAINER
16 ADAPTER, HOISTING, NOSE SECTION
17 SLING, FAIRING
Use
Hoist Loaded segments and
closure
Support nozzle and adapt item
01 to inverted aft closure
Adapt item 01 to forward closure
Hoist loaded-empty container or
container cover
Hoist loaded-unloaded cradle in
horizontal position
Hoist semiflexible cover from
cradle
Cradle, cover, and support rings
for horizontal shipping of 156
loaded components
Hoist verticle cradle or
support rings, unloaded
Beam sling, adapter and base
for inverting cradles
Container for truck/rail ship-
ping. Separable base, access
doors lower sides, manual or
pneumatic flip top. Rectangu-
lar, hoisting rings loaded/
unloaded.
Hoist loaded-empty container or
container cover
Hoist nose section
Hoist nose fairing
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TABLE 5-1
PROPOSED GSE ITEMS LIST
(Sheet 2 of 5)
Item No. Nomenclature
18 CONTAINER, SHIPPING, NOSE SECTION-
FAIRING
19 ADAPTER, HO1STINGi SRM STRUCTURES
20 ADAPTER, HOISTING, TT TUBE
21 CONTAINER, SHIPPING TT STRUCTURE-TT
TUBE
22 CONTAINERj SHIPPING, SUPPORT SKIRT
23 ADAPTER, HOISTING, INTERSTAGE COM-
PONENTS ••'
24 CONTAINER, SHIPPING, INTERSTAGE
COMPONENTS
25 ADAPTER, HOISTING, NOZZLE EXTENSION
26 CONTAINER, SHIPPING, NOZZLE EXTEN-
SION
27 SLING SET, MULTIPLE LEG
28 CONTAINER, SHIPPING, AFT STAGING
ASSEMBLY
29 GROUNDING CABLE SETS
30 CONTAINERi SHIPPING-STORAGE; SRM
HARDWARE
31 TRANSPORTER, SEGMENT SUBASSEMBLY
32 TRANSPORTER, FWD SECTION SUBASSEMBLY
33 TRANSPORTER, AFT SECTION SUBASSEMBLY
34 COVER, PROTECTIVEi SEGMENT
35 COVER, PROTECTIVE, 'FWD SECTION
36 COVER, PROTECTIVE, AFT SECTION
37 STAND, INSPECTION, SRM STRUCTURES
38 TRANSPORTER, SRM STRUCTURES
Use
Separate base with fixtures for
both items
Hoist TT structure and inverted
support skirt
Hoist TT tube
Separate base with fixtures for
both items
Separate base with fixtures for
skirt-
Hoist component parts of inter-
stage adapter
Separage base - up to three for
one adapter
Web basket for hoisting cone
inverted
Separate base with fixture for
inverted extension
Hoist aft staging motor assy and
other small items
Reusable box, hoist ring-fork
(may contain several assemblies)
One set enough for one booster
in work
Box, with doors, outfitted for
all miscellaneous items
Wheeled dolly for transporting
components around the base -
towable, steerable
Plastic protective cover with
slings
Support structure for internal
external inspection
Low bed, towable dolly - light
weight, multiuse
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TABLE 5-1
PROPOSED GSE ITEMS LIST
(Sheet 3 of 5)
Item No. Nomenclature
39 GUIDE, INSTALLATION, SUPPORT SKIRT
40 COVER, PROTECTIVE, NOZZLE EXTENSION
41 TRANSPORTER, AFT STAGING ASSEMBLY
42 SLING, INVERTING-HOISTING, AFT
SECTION SUBASSEMBLY
43 PLATFORM, ACCESS, FORWARD SECTION
SUBASSEMBLY
44 PLATFORM, ACCESS, AFT SECTION
SUBASSEMBLY :
45 PLATFORM, ACCESS, SEGMENT SUB-
ASSEMBLY
46 LADDER AND PLATFORM SET, FWD SECTION
INTERNAL
47 TRANSPORTER, INTERSTAGE STRUCTURE
48 ASSEMBLY FIXTURE, INTERSTAGE
STRUCTURE
49 PLATFORM, ACCESS, INTERSTAGE
STRUCTURE
50 TOOL SET, SRM ASSEMBLY AND MAIN-
TENANCE
51 ADAPTER, HOISTING, FORWARD SECTION
SUBASSEMBLY
52 PLATFORM, ACCESS, SUBASSEMBLY
HOISTING ADAPTER
53 SLING, HOISTING, INTERSTAGE
54 HOIST, ALIGNMENT, 50 TON
55 HOIST, ALIGNMENT, 175 TON
56 HYDRAULIC-PNEUMATIC CHECKOUT UNIT
57 HOOK ADAPTER
58 TEST WEIGHT SET
Use
Protect nozzle during skirt
assembly
Soft protective cover
Dolly like 38 with rack to
support assembly for inst.
Hoist aft section subassernbly
by trunions
Provide access for assembly of
forward section
Provide access for assembly of
aft section
Provide access for inspect and
maintenance of segment
Fits within nose section and TT
structure for access
Dolly like 38 for transporting
assembled interstage
Jig to support interstage during
assembly
Provide access to interstage
during assembly
Catch-all tools, assembly guides,
etc.
Adapt forward section to item 1
for hoisting in VAB
Provide access to attach sling
and adapter in VAB
Hoist assembled interstage
Precise hoist control and in-
dication of load
Maintenance of nozzle pneu-hyd
system
Adapt large hook to lesser slings
Special weights for load testing
slings etc.
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TABLE 5-1
PROPOSED GSE ITEMS. LIST
(Sheet 4 of 5)
Item No. Nomenclature
59 SRM SUPPORT FRAME
60 HYDRAULIC-PNEUMATIC SERVICE AND
TEST SYSTEM
61 ELECTRICAL CHECKOUT SET
62 BATTERY POWER SUPPLY
63 LPS INTERFACE AND SIGNAL CONDI-
. TIONER
64 GROUND UMBILICAL, EXPENDABLE
65 BREAKOUT ADAPTER SET
66 BATTERY CHARGER/RECORDER SET
67 VACUUM CHAMBER, BATTERY FILLING
68 CONSOLE TEST PROCEDURE CONDUCTOR
(GFE)
69 CONSOLE, BOOSTER TEST CONDUCTOR
(GFE)
70 CONSOLE, ENGINEERING PARAMETER
(GFE)
71 DELETED
72 TEST SET, ORDNANCE COMPONENTS
73 PRIME MOVER, HEAVY DUTY (GFE)
74 PRIME MOVER, MEDIUM DUTY (GFE)
75 SWITCHING LOCOMOTIVE (GFE)
76 CRANE, MOBILE (GFE)
77 SEMI-TRAILER, LOWBED, SPECIAL
PURPOSE (CFE)
78 TRACTOR-TRAILER, LOWBED (CFE)
Use
On mobile launcher
On mobile launcher for final
preparation and test of hyd
system
Distribution boxes, cables to
SRM
Test, monitor and charge flight
batteries
Electrical interface with LPS
Preflight ground connection
SRM electrical system trouble-
shooting
Test and charge of assembled
batteries
Battery cell filling
In LCC - GFE
In LCC - GFE
In booster test center part of
AGE - GFE
Acceptance check ordnance
components
Tow transports with loaded com-
ponents
Tow transporters for structures
Shuttle rail cars
Hoist covers, small items away
from bridges
Haul 1207 segments - 120- and
l56-in. structures
Haul structures and oversized
components
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TABLE 5-1
PROPOSED GSE ITEMS LIST
(Sheet 5 of 5)
Item No. Nomenclature Use
79 TRANSPORTER, MULTI-AXLE, HEAVY DUTY Haul 156-in.-diameter segments
(GFE) on road (Caloway)
80 RAIL CAR, HEAVY DUTY DROP CENTER Haul 156-in.,-diameter segments
(CFE)
81 RAM, TRANSLOADING, SHIPPING CRADLE Move cradle between item 79
(CFE) and 80
82 CRANE, GANTRY, TRANSLOADING (CFE) Rail load components at Rail
Head
83 RAILCAR, HEAVY DUTY, HYDRA Haul SRM components
CUSHION (CFE)
5.4.5 Launch Site Manpower Analysis
The manpower required for the SRM shuttle booster flight test operations
at KSC was determined on a parametric basis, utilizing the experience attained
during the Titan III flight test program. A baseline was established (present
headcount) with the capability of accomplishing all Stage 0 (two 1205 SRMs)
responsibilities at a maximum launch rate of five per year.
The parameters of major significance are quantities of sizeable components,
degree of testing, simplicity of GSE, and capability of facilities. All of these
parameters are not linearily proportional to all types of workers; this was
taken into account on a percentage basis (i.e., supervisory and clerical person-
nel become a function of the varying numbers of technical operating personnel).
The manpower requirements for the several configurations as a function of
the specified launch rates are shown in figure 5-3. These are for a steady rate
of launches and reflect postlearning curve capabilities. It was assumed (based
on Titan III experience) that the learning curve effect was stabilized after the
first six launches.
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6.0 PROGRAM COST AND SCHEDULE ESTIMATES
s
UTC prepared the most realistic cost estimates possible within the time
and level of effort constraints. Actual costs of previous and current develop-
ment and production programs were used to the fullest extent possible.
The preparation of these costs was accomplished using the study ground
. • - |
rules identified in section 1YO of this report and the SRM booster stage base-
line schedule shown in figure 6-1. Detailed cost data, which are presented
in appendix A, reflect the following cost data requirements:
A. SRM program cost estimates prepared in accordance to table 1 of
appendix A. .
B. SRM program time-phased funding requirements (as modified by NASA
direction) prepared in accordance to table 2 of appendix A.
C. SRM parametric cost data for production and operations cost
parameters.
In regard to cos;t estimates for the SRM booster stage in support of the
orbiter with a 14- by 45-f.t payload bay, only table 1 was prepared. This
limitation was based on both NASA guidelines to emphasize orbiter with a
15- by 60-ft payload bay and the parallel burn SRM booster stage and the time
and level-of-effort constraints associated with preparing realistic cost estimates.
Detailed cost data contained in table 2 do not include facility costs
considered to be Government furnished. The following two areas of facility
requirements are identified:
A. Kennedy Space Center Facilities
KSC launch area SRM unique facilities are required to receive, inspect,
and subassemble SRM components; The general concept and scope of this
requirement is defined in appendix A. To provide for these facilities,
approximately $3;5 million is required in fiscal year 1975. This value
may vary slightly as a function of SRM booster stage and mission model
selection*
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B. Thrust Termination Test Facility
It has been determined that tests for the 156-in. SRM booster stage
configuration cannot be accomplished at the UTC Development Center,
Coyote, California. Therefore, a thrust termination test facility would
be required to conduct this development test. A facility such as the
SRM horizontal test stand at AFRPL, FAFB, California, and other facilities
which may satisfy this requirement will be considered. At this time it
is not possible to provide a realistic cost estimate for this activity.
With the exception of AP production, UTC is capable of supporting annual
peak requirements for propellant raw materials presently defined. Current
capacities for AP are in the range of 35 to 50 million pounds per year.
Because of the limited commercial use of this product and an estimated produc-
tion facility expansion cost of $15 to $25 million, a Government industrial
facility to support an annual peak requirement of approximately 150 million
pounds may be required. Costs for this production expansion are not presently
included in the nonrecurring estimates.
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7.0 PROGRAM MANAGEMENT
7il STUDY PROGRAM MANAGEMENT
This study was accomplished under the direction of a full-time shuttle
booster study manager responsible for accomplishing the requirements of the
statement of work; Overall management direction was provided by a UTC Vice
President; The SlRM booster stage study activities were accomplished by study
program personnel performing ih accordance with the functional organization
presented in figure 7-1. As re'quired'i experienced personnel from on-going
large SRM program^ were assigned to this study.
Study results were presented in performance irevi.ew meetings in accordance
with NASA direction at NASA/MSFd 'dri 14 February 1972 arid at NASA/OMSF on
23 February 1972. As requested^ SRM booster stage information and data were
furnished to the NASA technical management team.
All input arid output for the study program channeled through the program
office, as shown in figure 7-2. When initial plans; baselines, and goals for
the study were established^ a feedback loop assured that the program office
and the operating Organizations feached agreement: before work implementation
began;
After baseline plans were established, work implementation proceeded; In
this mode, project managers in the program office served as a staff to the
program manager; These mariagers picked up the day-to-day working interfaces
with the functional departments with responsibilities that were consistent
with their specialties. Trie project managers are the first tier below the
program manager; below trie project managers are project engineers who managed
the most discrete elem'ehts of the work to be performed.
A significant part of the study concerned estimating credible costs for
the various shuttle booster configurations. Cost estimating ground rules
emanating fforn the program office were distributed to functional ahd project
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managers. Specific responsibility for the various elements to be costed were
given to those most familiar with the assignment. In every instance, the
assignments were given to individuals with the following experience:
A. Prepared cost estimates for at least five major large SRM buys or
near cardinal change to an SRM program. All of these proposals
reached the negotiation stages. The proposals involved development
programs as well as pure production programs.
B. Currently in the process of estimating costs for a follow-on buy of
UA 1205 SRMs and obtained vendor quotes for hardware. The figures
expressed in 1970 dollars were as up to date as possible.
C. Managed budgets and measured performance on contracts with performance
measurement baselines that were essentially established when the
proposal for the particular contract was prepared. In practically
every case, the period of management extends at least over the last
5 years.
A summary sketch of the cost proposal cycle is presented in figure 7-3.
7.2 PHASE C/D PROGRAM MANAGEMENT
Phase C/D management will continue in the same manner as the study program
management. There will be complete continuity between the team that participated
in the study and that which will manage the C/D phase. Detailed descriptions
will be provided on exactly what the inputs and outputs are, what format they
follow, how corrective action is taken, how often reviews are held at various
levels and to what they are addressed, etc.
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